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his second edition is dedicated to the 



memory of the late Dr Albert Fein, 



I who was instrumental in bringing the 
Editors and McGraw-Hill together to create 
the first edition. He was a champion of 
Landscape Architecture and possessed a 
broad view which encompassed both its 
social purpose and the technology required 
to give form to its vision. He was a histori- 
an, a mentor, a colleague, and a friend. 
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Foreword 



The publication of this handbook represents an historic 
event for the profession of landscape architecture. By 
scope and organization, it provides a broad practical defi- 
nition of what landscape architecture is as an applied art 
and science. The data and standards it contains demonstrate how 
and where the profession interconnects with the efforts of many 
specialists from different sciences and technologies. In this way it is 
a book for the future as much as it is for the present; it recognizes 
the need for more interdependence between the various profes- 
sions as specific tasks become larger and more complicated. 

The initial idea for this handbook was conceived by Jeremy 
Robinson, formerly a senior editor at McGraw-Hill, who saw the 
growing national and international importance of landscape archi- 
tecture and the need for such a handbook on design and con- 
struction data. It would be not only for landscape architects but 
also for architects, planners, engineers, conservationists, land 
developersjandscape contractors, and others who are concerned 
with our natural environment and how it is modified. The late Dr. 
Albert Fein, a consulting editor for landscape and landscape archi- 
tecture at McGraw-Hill, brought the concept to Professor Charles 
Harris of the Harvard Graduate School of Design. Professor Harris 
has spent most of his career teaching landscape architecture with 
an early and continuing interest in land planning, design, and devel- 



opment, this book is a natural outgrowth of his longstanding inter- 
est in landscape construction, which was first influence by 
Professor Otto Schaeffer of the University of Illinois and later by 
Professor Walter L. Chambers of the Harvard Graduate School of 
Design. Harris enlisted the help of Professor Nicholas T. Dines of 
the Department of Landscape Architecture and Regional Planning, 
University of Massachusetts, in organizing, compiling, and editing 
material for the handbook. 

Two basic abilities were needed for the successful completion of 
this handbook. They were the ability to persuade a large number 
of practitioners and academics to contribute and/or review mater- 
ial for the various sections and the ability to organize this massive 
amount of information into a useful overall format. The task took 
longer and much more personal effort and funds than the editors 
planned. Because both editors are teachers, they should be pleased 
that this handbook will provide a way to continue their "teaching" 
long after they have ended their present academic careers. 

Hideo Sasaki 

Lafayette, California 
1987 
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Preface 



This second edition of Time-Saver Standards for Landscape 
Architecture: Design and Construction Data has been 
expanded and re-designed to offer easier access to more 
information on landscape design and construction 
processes. The Editors have striven to create a common technical 
framework for the professions of landscape architecture, architec- 
ture, engineering, and planning, by expanding and emphasizing 
the core construction content of the profession. Site Construction 
Operations has been added to describe the procedures and equip- 
ment required to build on the land from the contractor's perspec- 
tive; Spatial Standards has been revised to emphasize human-scale 
dimensions in the landscape, with provisions for small, medium, 
and large-scale cultural settings; A new section on Energy and 
Resource Conservation focuses on both site planning and design 
approaches which promote appropriate bioclimatic responses; Site 
Drainage has been folded into Stormwater Management with 
emphasis on best management practices and water quality, Plants 
and Planting now includes expanded coverage of xeriscape princi- 
ples, native plant associations, and urban street tree detail 
advances; and lastly, Details and Devices has expanded coverage 
of new CAD details developed by the Editors for Time-Saver 
Standards Landscape Construction Details on CD. Promoting 
responsible resource conserving design and construction practices 
remains a prime objective of the second edition, continuing the 
original aim of the first edition. In many instances, minimum stan- 
dards are accompanied by a recommended standard which may 
serve a broader objective. 



Dimensions and quantities have been converted to metric values 
with US units in parentheses wherever possible. Soft conversion 
rules apply to manufactured products and proprietary clearances, 
and hard conversions apply to general planning guidelines round- 
ed to the nearest 5 mm. Conversion rules set forth by the National 
Institute of Building Science have been added to the Appendix 
along with other data on metric practices in design and construc- 
tion. 

Specific figure references are cited at the end of the book, and 
general references are cited at the end of each section. All data 
shown is for preliminary planning and design only, and is not 
intended to serve as a substitute for informed professional judg- 
ment required of specific site circumstances. In all matters involv- 
ing public heaJth and safety, agency authorities or appropriate 
practicing professionals should be consulted. 

Charles W. Harris, FAS LA 

Professor of Landscape Architecture, Emeritus 
Harvard University, Cambridge, Massachusetts 

Nicholas T. Dines, FAS LA 

Professor of Landscape Architecture and Regional Planning 
University of Massachusetts, Amherst. Massachusetts 
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Preface to the first edition 



^^^ m ime-5aver Standards for Landscape Architecture: Design 
I and Construction Data is a book about building on the 
I land, a comprehensive process that involves several ele- 
I merits: (1) interaction with existing natural and cultural 
systems, (2) dependence upon both site-specitic and equipment- 
specific design and construction techniques, and (3) the use of a 
wide range of materials and devices. 

The book covers some 50 topics, each comprising a separate 
sectino and grouped into nine divisions. They are linked together 
by a system of cross-references. For example, when the topic of a 
section requires showing a variety of alternatives for one detail, 
such as a curb, the reader is shown only a few generic types with- 
in the section. Additional examples are covered under the appro- 
priate heading in Division 900: Details and Devices. 

The topics represented within this handbook are but a small por- 
tion of the potential range of topics that deserve treatment. Several 
other topics have already been identified and some have received 
preliminary work, but for reasons of space, time, and other factors, 
they could not make it into this edition Readers are invited to sug- 
gest topics and contributors for possible inclusion in later editions. 

A dual system of measurements, U.S. standard and metric, has 
been included for many sections. The metric data, where shown, 
has been subordinated to the U.S. units. 



Many of the standards shown in this book are considered to be 
minimal. The reader is urged to consider using more optimal stan- 
dards for specific situations. Contributors were asked to include 
both "low-tech" and "high-tech" standards and data. It is expect- 
ed that the reader will adapt the data as necessary for a specific 
application. References have been cited at the end of most sections 
from which more detailed data may be obtained, The reader is 
reminded that the data shown in this book cannot be considered a 
substitute for informed judgment based on careful consideration of 
all aspects of a specific problem. In all cases where public health 
and safety are involved, an authority on that problem should be 
consulted. 

Charles W. Harris, FASLA 

Professor of Landscape Architecture. Emeritus 
Harvard University, Cambridge, Massachusetts 

Nicholas T. Dines, FA5LA 

Professor of Landscape Architecture and Regional Planning 
University of Massachusetts, Amherst, Massachusetts 
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1.0 INTRODUCTION 



1.1 General 

The production of landscape construction 
drawings (which, together with the specifi- 
cations, constitute construction, or con- 
tract, documents) is the culmination of a 
systematic design process and begins the 
site development implementation or con- 
struction phase of project administration. 

1.2 Example Project: Central 
Indianapolis Riverfront 

The following construction drawings have 
been executed and furnished by Wallace 
Roberts and Todd of Philadelphia, 
Pennsylvania. These construction docu- 
ments are based on the original master plan 
developed by Sasaki Associates, Inc., of 
Watertown, Massachusetts as shown in the 
aerial perspective at the front of this sec- 
tion. They represent the scope of work 
most generally associated with large water- 
front planning projects. Although the fig- 
ures pertain to a specific case study, they 
can serve as a general model for other sim- 
ilar projects (Figures 110-1 through 110-6). 

The master plan for the nine-mile corri- 
dor of the White River that flows through 
the City of Indianapolis was designed to 
transform the urban reaches of the river 
into a unifying spatial system, forging new 
links between the downtown and the river 
and reconnecting the citizens of 
Indianapolis with a long-neglected 
resource. To protect the downtown from 
the river's periodic flooding, massive levees 
and flood walls had been constructed. 
These barriers, however, had the unwanted 
effect of dividing the city. To minimize this 
separation and create a public amenity, the 
master plan proposed the construction of 
continuous public access trails along both 
banks of the river. These riverfront prome- 
nades were designed to link downtown 
Indianapolis with existing recreational corri- 
dors to the north and south, taking their 
design cues from the varied urban contexts 
abutting the river. Major public open 
spaces at key locations along the riverfront 
promenades were included to enhance the 
connection between the river and the adja- 
cent urban center. 

CONSULTANT CREDITS: 

Sasaki Associates, Inc.: 

Planning, Architecture, Landscape 
Architecture, Urban Design, 
Transportation Planning, Civil 
Engineering, and Environmental 
Services 

Wallace Roberts and Todd: 



Landscape Architecture, Construction 
Documents & Project Management 

Alt & Witzig Engineering, Inc.: 
Ceotechnical Engineering 

Claire Bennett Associates, Inc.: Consultant 
Landscape Architect 

CSO: 

Electrical Engineering 

Dann Pecar Newman & Kleiman: 

Real Estate and Local Coordination 

Fink Roberts & Petrie, Inc.: 

Surveying and Utility Engineering 

Cray and Pape, Inc.: 
Archaeology 

J.F. New & Associates, Inc.: 

Wetland and Wildlife Assessment 

Pflum, Klausmeier & Gehrum Consultants: 
Transportation Engineer 

Jacob Associates, Inc. 
Trail Design 

RLR Associates: 

Signage and Graphics 



2.0 CONSTRUCTION 
DOCUMENTS 



2.1 Purpose 

In essence, construction documents are 
graphic and verbal instructions to a con- 
tractor for the purpose of bidding and con- 
structing a proposed design. Drawings are 
drafted to scale so that a contractor can 
readily assess the spatial relationships of 
proposed objects to each other and to 
existing known points in order to easily lay- 
out the design. Specifications include 
detailed descriptions of (1) general condi- 
tions, (2) special provisions, (3) materials, 
(4) quantities, and (5) information on 
installation. (Refer to 3.0 Specifications in 
this section for more information on speci- 
fications.) 

Legal Responsibilities: 

As formal legal contract documents, con- 
struction drawings must be accurate. 
Discrepancies (errors and omissions) 
between the proposed work and the exist- 
ing conditions, or between the construction 
drawings and the specifications, should be 
kept to an absolute minimum. 

Cost Estimates: 

Construction drawings, together with the 
specifications, are used by contractors to 
estimate costs for bidding purposes. The 
specifications spell out in detail the type 
and quantity of materials to be used, the 



procedures for fabrication, and the applica- 
tion of products and materials. 
Construction drawings provide the contrac- 
tor with information concerning linear and 
aerial dimensions, volumes, and the loca- 
tion of proposed elements (structures, 
trees, etc.). The drawings should be coordi- 
nated with the specifications so that the 
contractor has enough information to con- 
struct the project from the data shown 

2.2 Construction Operations 
Represented by Drawings 

In actual practice, the information on each 
drawing is translated by the contractor into 
various operations, involving equipment 
and personnel. In effect, each drawing rep- 
resents a class of operations in the field 
The drawings are therefore organized by 
construction activity. Several different oper- 
ations are normally carried out simultane- 
ously during the construction of a project. 
Project construction is not a linear process; 
it more resembles a network of simultane- 
ous activities. 

The construction activities associated 
with site construction (as briefly discussed 
below) are: 

1. Preliminary surveying 
2 Tree protection, temporary condi- 
tions, erosion control, and trans- 
planting 

3. Clearing, grubbing, and demolition 

4. Topsoil stripping and stockpiling 

5. Rough grading 

6. Finish grading 

7. Installation of site improvements 

8. Planting and seeding 

Preliminary Surveying: 

The contractor verifies the major dimen- 
sions, roadway geometry, property bound- 
aries, construction limit line, stockpiling 
areas, and other horizontal measurements. 

Tree Protection, Temporary Conditions, 
Erosion Control, and Transplanting: 

All trees so designated on the drawings are 
wrapped or enclosed according to the spec- 
ifications to protect them from root or bark 
damage. Some trees may be temporarily 
transplanted to avoid construction damage 
Erosion control measures are employed to 
prevent silting of streams and drains and 
are usually regulated by Environmental 
Protection Agency specifications. 

Clearing, Grubbing, and Demolition: 

All trees, shrubs, rock outcrops, slabs, struc- 
tures, and utility lines within the project 
area that are to be abandoned or moved 
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are designated on the drawings for removal 
by the contractor. 

Topsoil Stripping and Stockpiling; 

The contractor removes all topsoil within 
the grading limits and stockpiles the soil in 
whatever areas will be convenient for 
future respreading at the completion of the 
project. 

Rough Grading: 

By blasting, trenching, backfilling, and cut- 
ting and filling to the proposed new sub- 



grade, the contractor prepares all subgrade 
surfaces to receive foundation footings and 
subbase material for below- and on-grade 
structures. Trenching for utility lines also 
occurs at this stage. The top elevations of 
manholes and drains are set at their 
approximate grades without final brick 
course shims or rims. 

At the completion of the rough grad- 
ing, all exterior surfaces are cut or filled to 
specified rough-grade tolerances [± 150 to 
300 mm (6 to 12 in)]. They are then ready 
for final grading prior to placing the topsoil 



and the wearing surfaces (concrete, 
asphalt, brick, etc.). 

Finish Grading: 

The pro|ect is staked out and resurveyed to 
establish the finished geometry and the ele- 
vations of walks, roads, and other edges. 
The paved areas are then graded to finer 
tolerances, and base material is installed 
Topsoil is spread over the rough grades in 
the planted areas to within a tolerance of ± 
25 to 75 mm (1 to 3 in). 




Figure 110-1. Existing conditions plan. 

All existing site features: 
C- contours and spot elevations, including 
ridges and swales 

□ property lines with bearings, easements, 
setbacks, benchmarks 

buildings or other structures 
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Figure 110-2. Demolition plan. 

Schedule of demolition: 
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Installation of Site Improvements: 

The contractor installs fixtures, benches, 
pavements, steps, trash receptacles, 
planters, equipment, and finish amenities. 

Planting and Seeding: 

The contractor plants trees, shrubs, and 
other plant materials; mulches and edges 
beds; and harrows, rakes, conditions, fertil- 
izes, and seeds or sods lawn areas. 

For a more detailed discussion of con- 
struction processes, refer to Section 1 30. 



2.3 Drawing Organization 

The contractor must fully understand the 
total package of information presented and 
its organization before any single operation 
can occur. 

Sheet Information: 

The following information is often found 
on all sheets in the package: 
1. Title block: 

Sheet title 

Client's name 



address and phone number 
Date 

Drawn by: 
Checked by: 
Revision block 
Job number 
Sheet number 

2. Border with appropriate space for 
binding sheets 

3. North arrow 

4 Written and graphic scale 

5. Registration seal 

6. Appropriate legend, notes and labels 



Name of consulting firm(s), logo. 7. References to copyright 
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□ Existing site features, pavements, structures, major plant 
materials and topography 

Property lines with bearings and distances, easements, set- 
backs, match lines, limit of contract lines and benchmarks 
~ Boring locations with cross-reference to logs 
- Roads, parking and service areas locating: 

— centerlme stations, bearings, distances, 

curve data, etc. 
— intersection radii 

— lot dimensions referenced to road centerline 
— traffic marking locations, stalls 



— required monument positions .2 
~ Buildings and other structures 

—floor elevations noted 3 
— located by dimensions from the column line or foun- 

dation to the site layout base line £ 
—show overhanging floors and root lines q 
Outdoor lighting locations {J 
Other site features: 

— walls, walks, steps q 
—benches and planters 
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Figure 110-4. Grading and drainage plan. 

I I Property lines, match lines, limit of contract and benchmark 

U All site features including: roads, parking, walks, walls, steps, etc. 

□ Existing contours and spot grades 

□ Proposed grading including: 

— high points, low points, ridge and swale centerlines and grades 
— spot elevations at all changes of gradient, walk ends and inlets 
— spot elevations at top and bottom of all walls, steps and ramps 
—floor elevation for every access level of each structure 

□ Subsurface drainage network 

□ Existing building, auxiliary structures and trees to be retained 

□ Protection for trees that will be affected by grading 

□ Cut and fill calculations and/or profiles 
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Figure 110-5. Site details 
and sections. 

: i Earthwork sections 

!~i Pavements, curbs and edgings 

D Shelters, decks 

I ; Screens, walls and steps 

[ Furnishings and features 

□ Utilities 

C P/anf installation 
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For clarity, a set of construction docu- 
ments is typically separated into the follow- 
ing drawing sets: 

Primary drawings: 

Primary drawings found in typical packages 
include: 

1. Cover or index sheet 

2. Existing conditions (Figure 110-1) 

3. Demolition plan (Figure 110-2) 

4. Site preparation plan 

5. Layout (dimensioning) and mat- 

erials plan(Figure 110-3) 

6. Grading and drainage plan (Figure 

110-4) 

7. Planting plan and details 

8. Utility plan 

9. Site details and sections (Figure 

110-5) 

Additional drawings: 

Additional drawings found in some pack- 
ages include: 

1. Plan enlargements (Figure 110-6) 

2. Road profiles and sections 

3. Shop drawings 

4. Record (as built) drawings 

Certain drawings may require multiple 
sheets for large, complicated projects, 
depending on the project area, drawing 
scale, and sheet size. 

Cover or Index Sheet: 

The cover sheet displays the project title, its 
sponsor, the consultants' names, an index 
to drawings by title and sheet number, a 
project location map, and sometimes a 
graphic key to the drawing symbols. 

Existing Conditions Plan: 

An existing conditions plan (Figure 110-1) 
is normally a reproduction of a registered 
survey plan for the site, drawn to or spliced 
into the standard sheet size of the working 
drawing set. It is this sheet that forms the 
basis for the horizontal controls presented 
in the layout plan and the vertical controls 
shown on the grading plan. This plan 
shows the property boundary line lenglhs 
and bearings, the total acres, the topo- 
graphic configuration illustrated with con- 
tours and significant spot elevations, all 
existing structures, the vegetation (by type 
and size), utilities, easements, adjacent 
roads, a geodetic or DPW survey grid at 
150 or 300 m (500 or 1000 ft) stations, a 
location map, and, in some cases, boring 
data. 



The scale, date, and north arrow-which 
are required in all plan drawings-are of par- 
ticular importance to the existing condi- 



tions plan. The date of the survey should be 
current enough to ensure that the survey is 
still valid. The north arrow should be 
labeled as true or magnetic north, since dis- 
crepancies between the two can vary by as 
much as 20 degrees or more, depending on 
geographic location. 

Demolition Plan: 

The information on a demolition plan is 
often overlaid the existing conditions plan 
and shows the items to be demolished, 
removed, relocated, or transplanted in 
order to prepare the site for new construc- 
tion (Figure 110-2). 

Site Preparation Plan: 

This sheet illustrates the proposed develop- 
ment (in a line drawing only) and indicates 
the location of stockpiling areas, trees to be 
removed and thinned, limit of the work 
line, employee parking and construction 
road access, erosion control methods, con- 
crete truck washout areas, staging areas, 
storage areas, stockpile areas, trees to be 
protected, and location of dewatering 
trenches or construction siltation ponds 

Layout and Materials Plan: 

The layout plan (Figure 110-3) shows the 
proposed development superimposed on 
the existing conditions plan. The proposed 
design is located horizontally on the ground 
by using bearings and distances, station 
offsets, and coordinate points. Materials 
are identified, and keys to details and 
blowup plans are indicated. It is from this 
drawing that quantities of materials are cal- 
culated by the contractor. 

Grading and Drainage Plan: 

The grading plan (Figure 110-4) enables 
the contractor to establish vertical controls 
for the location of all site and building ele- 
ments, based on their relationship to exist- 
ing, identifiable elevations or bench marks. 
Elevational information is normally provid- 
ed by both spot elevations and contour 
lines. 

Surface drainage is an integral part of a 
grading plan. The locations and rim eleva- 
tions of structures receiving storm runoff 
should be indicated on the grading plan 
even if complete subsurface utility informa- 
tion is provided on a separate site utility 
plan, since this information is basic to the 
site grading. If a separate site utility plan is 
not provided, the invert elevations and pipe 
sizes, types, and locations should also be 
included. 



Care should be taken to coordinate the 
grading plan with building elevation draw- 
ings, finish floor elevations, and all utility 
drawings in order to avoid below-grade 
conflicts. The limit of grading is usually 
indicated by the no-cut/no-fill line. 

Planting Plan and Details: 

Planting plans must accurately show the 
locations of all proposed plant materials 
(differentiated graphically from existing 
plant materials to remain), their names, 
sizes, and any other characteristics that will 
assist the designer in specifying the precise 
type of specimen required. A plant list, or 
schedule, indicating the quantity, botanical 
name (including genus, species, and vari- 
ety), common name, size (height, spread, 
caliper, etc.), spacing, and special require- 
ments (multistem, first branch height, etc.) 
is normally included on the plan. (Refer to 
Section 550: Plants and Planting, for more 
information.) 

Landscape contractors will use the plant 
list to determine the quantities for each 
variety unless directed to do otherwise. A 
note on the drawing or a clause in the spec- 
ifications should state that the plan shall 
take precedence over the list in the event of 
a discrepancy. 

Typical items on planting plans and details 
include: 

1. Property lines, match lines, and limit 

of contract 

2. Buildings and overhangs 

3. Paved areas, terraces, and walls 

4. Surface and sub-surface utilities 

5. Location and size of existing plant 

material 

6. Location, type, and size of proposed 

plant material 

7. Areas to receive seed or sod 

8. Planting list or schedule 

9. Existing and proposed topography 

10. Location of decorative lighting 

fixtures 

11. Irrigation (if not part of the utilities 

plan) 

Utility Plan: 

Depending on the scale and complexity, 
the number of drawings under this general 
heading will vary with each project. 

Typical items on utility plans and details 
include: 

1 Stormwater drainage: surface and 
conduit system 

2. Subdrainage: tile fields, footings, 

etc. 

3. Sewerage: sanitary sewer and septic 

systems 
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Figure 110-6, Plan enlargements. 

□ Location of features 

□ Dimensions 
i Grading 

□ Material pattern 

□ Planting 

Relation to overall plan 



4. Water distribution: drinking, irriga- 

tion, fountains, and fire control 

5. Electrical layout: lighting and outlets 

6. Buried cables: telephone, electrical, 

optic, cable TV, etc. 

7. Special waste drains: chemical/acid, 

petroleum, etc. 

8. Steam and heat lines: pipes, expan- 

sion joints, and heat cables 

9. Fuel lines: natural gas and petroleum 

In practice, utility plans are most often 
drawn on halftone grading plan', so that 
existing conditions, horizontal layout, and 
vertical dimensions are shown. Utility plans 
must be coordinated with other drawings in 
order to avoid conflicts with major planti- 
ngs or important hard-surfaced areas 
(future maintenance requirements), to 



avoid conflicts with other buried utilities, 
and to ensure sufficient cover. 

Site Details and Sections: 

The site details (Figure 110-5) convey spe- 
cific methods of construction to the con- 
tractor. The manner in which this is 
achieved is often through sections, usually 
drawn to a scale of from 1:10 to 1:20 V/i" 
= 1'-0" to 17j" = 1'-0"), (See Table 110-1 
Metric vs. Customary Scales and Ratios). 
Though not necessary, it is helpful to group 
details of like subjects together, such as 
pavements, walls, and stairs. Besides help- 
ing contractors to locate details, this shows 
the differences between similar sections 
more vividly. (Refer to Division 900: Details 
and Devices, for more information on con- 
struction details.) 

As with the accompanying plans, the 
details work in concert with the specifica- 
tions to provide complete data to the con- 
tractor. The information supplied by the 
specifications should not be included in the 
details. 



Plan Enlargements: 

Plan enlargements (Figure 110-6) are used 
as needed to show detail design layouts in 
courtyards or entrances, etc. They can 
show dimensions, grading, material pat- 
tern, planting, etc. For construction purpos- 
es, the scales of these blowups are typical- 
ly 1:200 (»/«" = 1'-0" or 1" = 20'-0"), or 
1:100 C/b" = 1'-0" or 1" = 10'-0"), 

Road Profiles and Sections: 

Road profiles show a profile section along 
the roadway centerline and designate finish 
and existing grades at 10 to 100 m (50 to 
100 ft) stations along that line. The hori- 
zontal (H) scale is usually the same as that 
of the plan, and the vertical (V) scale is 
exaggerated at least 4:1 but more com- 
monly 10:1 [1:500 (1" = 50')H and 1:50 
(1" = 5'M. The profile sheet shows the 
location and length of: 

1 . All vertical parabolic curves 

2. Horizontal curves by symbol 

3. Superelevation 

4. High and low points 
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5. Top of curb 

6. Bottom of gutter lines 

Shop Drawings: 

Shop drawings are provided by the con- 
tractor when required by the designer. In 
some cases a more efficient and economical 
solution may be arrived at if the contractor 
is given latitude in the design of special fea- 
tures requiring experienced craftsmanship. 
The landscape architect has final approval 
over shop drawings before the materials 
are ordered. 

Record (As-Built} Drawings: 

Often, in order to properly maintain a pro- 
ject after construction, a set of record 
drawings are created that show the design 
as it was actually built. The contractor is 
required to keep track of all changes and 
amendments to the original construction 
documents so the landscape architect can 
create an official record of the built project 



3.0 SPECIFICATIONS 



The importance of well-written specifica- 
tions for a design project cannot be over- 
emphasized. The specifications present 
detailed information on the materials 
required, the fabrication procedures, and 
the application of products and materials 
They establish the scope of the work and 
clearly spell out the criteria for altering the 
scope (change orders, deletions, etc.). The 
drawings establish the dimensions and 
identify the materials to be used, and the 
specifications establish the procedural and 
performance standards required to con- 
struct the design as shown on the draw- 
ings. 

A major source of general construction 
specifications is the Construction Specifica- 
tions Institute (CSI). Division 2 (Site-work) 
is reproduced in Table 110-2. 
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Table 110-1. METRIC VS. CUSTOMARY SCALES AND RATIOS 



Metric Sr iIpi 


Cu^frnmarv Ratio 


C u^toma rv Sr*)lf*l 

\- u j 1 1 Qi y Ji.ni t s 


1:5 


1:4 


3"=1'-0" 


1:10 


1:18 


1 1/2"=1'-0" 




1:12 


r=r-o" 


1:20 


1:16 


3/4" = 1'-0" 




1:24 


vr-r-o* 


1:50 


1 48 


1/4"=1'-0 B 


1:100 


1:96 


1/8"=1'-0" 


1:200 


1:92 


Vi6"=r.o" 


1:500 


1 364 


1/32"=1*-0" 




1 480 


1"=40 , -0" 




1 600 


1"=50'-0" 


1:1 000 


1.960 


r=80--o- 




11 200 


1"=100'-0" 


1:2 000 


13 400 


1"=200'-0" 


1:5 000 


14 800 


1"=400'-0" 




1:6 000 


1"=500'0" 


1:10000 


1 10 560 


6"=1 mile 




1 12 000 


1" = 1000-0" 


1:25 000 


1:21 120 


3"=1 mile 




1:24 000 


1"=2000'-0" 


1:50 000 


1:63 360 


1"=1 mile 


1:100 000 


1 126 720 


1/2"=1 mile 


Source K S. Means. How to Estimate with Metric Units. 
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Table 110-2. CONSTRUCTION SPECIFICATION INSTITUTE: DIVISION 2 — SITEWORK 



02050 BASIC SITE MATERIALS AND METHODS 

-055 Soils 

-060 Aggregate 

-065 Cement and Concrete 

Asphalt Cement 

Hydraulic Cement 

Plant-Mixed Bituminous Concrete 

Recycled Plant-Mixed Bituminous Concrete 
-070 Geosynthetlcs 

Geocomposite Edge Drains 

Ceocomposite In-Place Wall Drains 

Geogrids 

Geotextiles 
-OSO Utility Materials 
Hydrants 
Manholes 
Meters 
Utility Boxes 
Valve 
-090 Joint Material 



Vitrification 
-190 Biological Processes 

Aerobic Processes 

Anaerobic Processes 

Bio- Remediation 
-195 Remediation Soli Stablliiation 



02200 SITE PREPARATION 



02100 SITE REMEDIATION 



-105 Chemical Sampling and Analysis 

-110 Excavation, Removal, and Handling of Hazardous Materials 

-115 Underground Storage Tank Removal 

-120 Off -Site Transportation and Disposal 

-125 Drum Handling 

-130 Site Decontamination 

-140 tandfill Construction and Storage 

-145 Groundwater Treatment Systems 

-150 Hazardous Waste Recovery Processes 

Air and Steam Stripping 

Soil Vapor Extraction 

Soil Washing and Flushing 
-160 Physical Treatment 

Coagulation and Flocculation 

Reverse Osmosis 

Solidification and Stabilization 
-170 Chemical Treatment 

Chemical Precipitation 

Ion Exchange 

Neutralization 
-180 Thermal Processes 

Incineration 

Thermal Resorption 



-210 Subsurface Investigation 

Boring and Exploratory Drilling 
Core Drilling 

Geophysical Investigations 

Groundwater Monitoring 

Seismic Investigation 

Standard Penetration Testing 

Test Pits 
-220 Site Demolition 

Building Demolition 

Minor Site Demolition for Remodeling 

Selective Site Demolition 
-230 Site Clearing 

Clearing and Grubbing 

Selective Clearing 

Selective Tree Removal and Trimming 
Sod Stripping 

Stripping and Stockpiling of Soil 

Tree Pruning 
-240 Dewaterlng 
-250 Shoring and Underpinning 

Foundation Grouting 

Grillages 

Needle Beams 

Sheotpilmg 

Shoring 

Slabjacking 

Soil Stabilization 

Underpinning 

Vibroflotation and Densification 
-260 Excavation Support and Protection 

Anchor Tiebacks 
Cofferdams 
Cribbing and Walers 
Ground Freezing 
Reinforced Earth 
Slurry Wall Construction 
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Soil and Rock Anchors 

-280 Grade Adjustment and Abandonment of Existing Miscellaneous 
Structures 

-285 Rebuilt Miscellaneous Structures 
-290 Site Monitoring 

02300 EARTHWORK 
-310 Grading 

Finish Grading 
Rough Grading 
-31 5 Excavation and Fill 

Backfill 

Borrow Excavation 
Compaction Excavation 
Fill 

Trenching 
-325 Dredging 
-330 Embankment 

Armoring 

Earth Dams 

Soil Embankment 
-335 Subgrade and Roadbed 

Pre-watering of Excavation Areas 

Reconditioning 

Subgrade Modification 
-340 Soil Stabilization 

Asphalt Soil Stabilization 

Cement Soil Stabilization 

Geotextile Soil Stabilization and Layer 

Separation 

Lime Slurry Soil Stabilization 

Lime Soil Stabilization 

Pressure Grouting Soil Stabilization 
-360 Soil Treatment 

Rodent Control 

Termite Control 

Vegetation Control 
-370 Erosion and Sedimentation Control 

Cement Concrete Paving for Stream Beds 

Erosion Control Blankets and Mats 

Gabions 

Geognds 

Geotextile Sedimentation and Erosion Control 

Mulch Control Netting 

Paved Energy Dissipators 

Riprap and Rock Lining 

Rock Barriers 

Rock Basins 

Rock Energy Dissipators 



Slope Paving 

Synthetic Erosion Control and Revegetation 
Mats 

Turf Reinforcement Mats 
Water Course and Slope Erosion Protection 
-380 Seoul Protection 

-390 Shoreline Protection and Mooring Structures 

Breakwaters 

Groins 

Jetties 

Moles 

Revetments 

Se,iwalls 

02400 TUNNELING, BORING. AND JACKING 
-410 Tunnel Excavation 

Compressed Air Tunneling 
Muck Disposal 

Rock Excavation - Drill and Blast 
Rock Excavation - Tunnel Boring 
Machine (TBM) 

SoU Ground Shield- Driven tunneling 
•420 Initial Tunnel Support Systems 

Prefabricated Steel Tunnel Linings 

Rock Bolting 

Steel Ribs and Lagging 
-425 Tunnel Linings 

Cast-in-Place Concrete Tunnel Linings 

Precast Concrete Tunnel Lining 
-430 Tunnel Grouting 

Earth Stabilization Chemical Grouting 

Rock Seam Pressure Grouting 

Tunnel Liner Grouting 
-440 Immersed and Sunken Tube Tunnels 
-441 Microtunneling 
-442 Cut and Cover Tunnels 
-443 Tunnel Leak Repairs 
-444 Shaft Construction 
-445 Boring or Jacking Conduits 

02450 FOUNDATION AND LOAD-BEARING ELEMENTS 
-455 Driven Piles 

Cast-in- Place Concrete Piles 
Composite Piles 
Concrete Displacement Piles 
Concrete-Filled Steel Piles 
Drrven Pile Load Tests 
Driven Pile Repairs 
Precast Concrete Piles 
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Prestressed Concrete Pile 
Sheet Piles 
Steel H Piles 
Timber Piles 

Unfilled Tubular Steel Piles 
-465 Bored Piles 

Auger Cast Grout Piles 
Bored and Augered Pile Load Tests 
Bored and Augered Pile Repairs 
Bored and Augered Test Piles 
Bored and Belled Concrete Piles 
Bored and Socketed Piles 
Bored Fnction Concrete Piles 
Drilled Caissons 

Drilled Concrete Piers and Shafts 

Uncased Cast-ln-Place Concrete Piles 
-475 Caissons 

Box Caissons 

Excavated Caissons 

Floating Caissons 

Open Caissons 

Pneumatic Caissons 

Sheeted Caissons 
-480 Foundation Walls 

Anchored Walls 

Concrete Cribbing 

Manufactured Modular Walls 

Mechanically Stabilized Earth Walls 

Metal Cribbing 

Permanently Anchored Soldier-Beam Walls 

Slurry Diaphragm Foundation Walls 

Soldier-Beam Walls 
-490 Anchors 

Roctt Anchors 
-495 Instrumentation and Monitoring 

Foundation Peformance Instrumentation 



02500 UTILITY SERVICES 



-510 



-520 



r Distribution 

Cisterns 

Disinfection of Water Distrlbubon 

Fire Protection 

Hydrants 

Site Water 

Valves 

Water Supply 
Wells 

Extraction Wells 



Monitoring Wells 

Recharge Wells 

Test Wells 

Water Supply Wells 

Well Abandonment 
-530 Sanitary Sewerage 

Gauging Stations 

Packaged Pumping Stations 

Packaged Lift Stations 

Sanitary Cleanouts 

Sanitary Sewage Systems 

Sanitary Sewer Manholes, Frames, and Covers 

Sewage Collection Lines 

Sewage Force Mains 

Site Sanitary Sewage Lines 
-540 Septic Tank Systems 

Drainage Field 

Grease Interceptor 

Sand Filter 

Septic Tank 

Siphon Tank 
-550 Piped Energy Distribution 

Chilled Water Distribution 

Hot Water Distribution 

Liquid Petroleum Gas Distnbution 

Natural Gas Distribution 

Oil Distribution 

Steam Distribution 
-570 Process Materials Distribution Structures 
-580 Electrical and Communication Structures 

Antenna Towers 

Lighting Poles and Standards 

Transmission Towers 

Underground Ducts and Manholes 

Utility Poles 
-590 Site Grounding 

02600 DRAINAGE AND CONTAINMENT 

-610 Pipe Culverts 
-620 Subdrainage 

Foundation Drainage Piping 
Geocomposite Drains 
Geotexble Subsuface Drainage Filtration 
Pipe Underdrain and Pavement Base Drain 
Retaining Wall Drainage Piping 
Subgrade Drains 
Tunnel Drainage Piping 
Underslab Drainage Piping 
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-630 Storm Drainage Catch Basins, Grates, and Frames 

Combination Storm Drain and Underdrain 
Inlets 

Storm Drainage Manholes, Frames, and Covers 
Storm Drainage Pipe and Fittings 
Water Detention Chambers 
-640 Culverts and Manufactured Construction 
Concrete Arch Buried Bridge 
Metal Pipe - Arch Culverts 
Metal Plate Culverts 

Precast Reinforced Concrete Arch Culverts 
Precast Reinforced Concrete Box Culverts 
Precast Reinforced Concrete Rigid Frame 
Culverts 
-660 Ponds and Reservoirs 
Cooling Water Ponds 
Distributions Reservoirs 
Fire Protection Reservoirs 
Leaching Pits 

Pond and Reservoir Covers 
Pond and Reservoir Liners 
Retention Basins 
Sewage Lagoons 
Stabilization Ponds 
-670 Constructed Wetlands 

02700 BASES. B At LASTS. PAVEMENTS, AND APPURTENANCES 
-710 Bound Base Courses 

Aggregate-Bituminous Base Course 
Aggregate-Cement Base Course 
Asphalt-Treated Permeable Base Course 
Bituminous Concrete Base Course 
Cement Stabilized Open Graded Base Course 
Cement Treated Courses 
Cold-Recycled Bituminous Base Course 
Hydraulic Cement Concrete Base Course 
Lean Concrete Base Course 
Lime Treated Courses 
Lime-Fly-Ash Treated Courses 
Plain Cement Concrete Base Course 
-720 Unbound Base Courses and Ballasts 
Aggregate Subbase 
Aggregate Base Course 
Cracked and Seated Portland Cement 
Concrete Base Course 
Rubberized Portland Cement Concrete 
Base Course 
Sub-Ballast 



Top Ballast 
-730 Aggregate Surfacing 

Cinder Sutacing 
Crushed Stone Sufaclng 
•740 Flexible Pavement 

Asphalt-Rubber and Rubber Modified Bituminous Pavement 

Athletic Bituminous Pavement 

Bituminous Concrete Pavement 

Cold Mix Bituminous Pavement 

Fiber-Modified Bituminous Pavement 

Polymer-Modified Bituminous Pavement and Rubberized 
asphalt 

Road Mix Bituminous Pavement 

Stone and Split-Mastic Bituminous Pavement 
750 Rigid Pavement 

Continuous Reinforced Cement Concrete Pavement 

Exposed Aggregate Pavement 

Plain Cement Concrete Pavement 

Power Compacted Concrete Pavement 

Prestressed Reinforced Cement Concrete Pavement 

Reinforced Cement Concrete Pavement 

Roller-Compacted Concrete Pavement 
-755 Cement Concrete Shoulders 
-760 Paving Specialties 

Cold Plastic Pavement Markings and Legends 

Curb Cut Ramps 

Painted Traffic Lines and Markings 

Pavement Joint Sealant 

Pavement Markings 

Raised Pavement Markers 

Snow Melting Cables and Mats 

Stamped Pattern Concrete Pavement 

Tactile Warning Sufaces 
-770 Curbs and Gutters 

Bituminous Concrete Curbs 

Cement Concrete Curbs 

Cement Concrete Gutters and Curbs 

Gutters 

Stone Curbs 

Simulated Stone Curbs 
-775 Sidewalks 
-780 Unit Pavers 

Asphalt Block Pavers 

Brick Pavers 

Interlocking Precast Concrete Pavers 
Precast Concrete Pavers 
Pressed Pavers 
Stone Pavers 
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-785 Flexible Pavement Coating and Micro-Surfacing 

Cape Seal 
Chip Seal 
Fog Seal 

Latex-Modified Emulsion 

Micro-Suffadng 

Sand Seal 

Sandwich Seal 

Slurry Seal 

Surface Treatment 
-790 Athletic and Recreational Surfaces 

Baseball Field Surfacing 

Multi- Purpose Court Surfacing 

Resilient Matting 

Synthetic Crass Sufacing 

Synthetic Running Track Surfacing 

Tennis Court Sufacing 
-795 Porous Pavement 

02800 SITE IMPROVEMENTS AND AMENITIES 

-B10 Irrigation System 

Agricultural Irngation System 

Drip Irrigation System 

Lawn Sprinkler System 
-815 Fountains 
-820 Fences and Gates 

Chain Link Fences and Gates 

Ornamental Metal Fences and Gates 

Plastic Fences and Gates 

Wire Fences and Gates 

Wood Fences and Gates 
-830 Retaining Walls 

Cast-in-Place Concrete Retaining Walls 

Interlocking Block Retaining Walls 

Masonry Retaining Walls 

Precast Concrete Retaining Walls 

Timber Retaining Walls 
-840 Walk. Road, and Parking Appurtenances 

Concrete Median Barrier 

Crash Barriers 

Delineators 

Fenders 

Guide Rail 

Impact Attenuating Devices 
Metal Median Barriers 
Parking Bumpers 
Traffic Barriers 
-850 Prefabricated Bridges 



-860 Screening Devices 

Jet Blast Barriers 
Screens and Louvers 
Sound Barriers 
-870 Site Furnishings 
Bicycle Racks 

Prefabricated Planters Seating 
Tables 

Trash and Litter Receptors 
-875 Site and Street Shelters 

Bus Stop Shelters 
-880 Play Field Equipment and Structures 

Athletic or Recreational Screening 

Playground Equipment 

Play Structures 

Tennis Court Windbreakers 
■ 890 Traffic Signs and Signals 

Post-Mounted Signs 

Structure-Mounted Signs 

Traffic Signal Supports and Equipment 
-895 Markers and Monuments 

Boundary and Survey Markers 



02900 PLANTING 



-905 
-910 



-915 
-920 



Plants, Planting, and Transplanting 
Plant Preparation 

Blankets 

Forms and Stabilizers 

Hydro-Punching 

Mats 

Mulching 

Netting 

Soil Preparation 

Stakes 

Topsoil 

Shrub and Tree Transplanting 
Lawns and Grasses 

Hydro- Mulching 
Plugging 

Seeding and Soil Supplements 
Sodding 



-930 



Stolonizing 
Exterior Plants 

Ground Covers 
Plants and Bulbs 
Shrubs 
Trees 
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Roadbed Modification 

-975 Flexible and Bituminous Pavement Reinforcement and Crack and 
Joint Sealants 

Fabric Reinforcement for Bituminous Pavement 

Polymer Modified Asphalt Joint and Crack Sealing 

Stress-Absorbing Membrane 

Stress-Absorbing Membrane Interlayei 

-980 Rigid Pavement Rehabilitation 

Cement Concrete Bonded Overlays 

Cement Concrete Direct Partially Bonded Overlays 

Cement Concrete Pavement Recycling 

Cement Concrete Unbonded Overlays 

Concrete Pavement Jacking and Slacking 

Concrete Pavement Patching 

Full Depth Patching 

Grinding of Concrete Pavement 

Grooving of Concrete Pavement 

Joint Cleaning and Resealing 

loint Rehabilitation 

Parti.il Depth Patching 

Pavement-Shoulder Joint Resealing 

Slab Stabilization 

Subsealing and Stabilization 

-990 Structure Moving 

• Source. Construction Specification Institute 



CD 




-935 Plant Maintenance 

Fertilizing 
Liming 
Mowing 
Pruning 
Watering 
-945 Planting Accessories 
Landscape Edging 
Landscape Timbers 
Planters 
Tree Crates 
Tree Grids 

02950 SITE RESTORATION AND REHABILITATION 
-955 Restoration of Underground Piping 

Grouting Underground Piping and Units 
Relming Underground Piping and Units 
Scaling Underground Piping and Units 

-960 Flexible Pavement Surfacing Recovery 

Pavement Milling and Pavement Cold Planing 

-965 Flexible and Bituminous Pavement Recycling 

Cement-Based Bituminous Pavement Base Courses 
Cold In-Place Recycled Bituminous Pavement Courses 
Full-Depth Reclaimed Bituminous Pavement Base Courses 
Hot In-Place Recycled Bituminous Pavement Courses 
Hot In-Place Recycled Surface Course Overlays 
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1.0 INTRODUCTION 



1.1 General 

Site construction may be viewed as an 
invasive procedure akin to biological 
surgery. It requires the designer and 
the contractor to have full knowledge of 
the site's vital systems, and to have access 
to a broad array of techniques, equipment, 
and mitigating strategies to effectively inte- 
grate the proposed changes with the site's 
existing infrastructure and its natural sys- 
tems. This section addresses the procedures 
and equipment required to execute site 
work with special focus on the sequential 
steps commonly found in most light to 
medium duty site construction projects. 

1.2 Operations Objectives 

Site construction operations are sequenced 
to insure efficient and systematic use of 
equipment and labor with the aim of: 

1. Protecting identified site resources as 
required by plans and regulatory 
authorities. 

2. Coordinating various building trades 
and construction processes. 

3. Maintaining safe working conditions 
to limit liability and prevent injury. 

4. Eliminating delays and material waste 
so the project can be completed with- 
in time and budget constraints 

5. Delivering completed work as speci- 
fied in accordance with contractual 
agreements. 

1.3 Contractor's Perspective 

The contractor's view of a proposed design 
is different from that of the designer's. 
Whereas the designer tends to view the 
project in terms of material finishes, and 
final outcomes, it is the responsibility of the 
contractor to reverse engineer the project 
(with the aid of details and profiles) to envi- 
sion how the site must be prepared to 
receive the new design. Figure 130-1 a. 
illustrates a designer's view of a typical 
design which emphasizes finished surface 
elevations and vertical and horizontal 
dimensions Figure 130-1b illustrates a 
contractor's analysis of the same design 
wilh emphasis on the subgrade elevations 
required for all roads, walks, plazas, piers, 
footings, tree pits, etc. The contractor's 
view envisions the subgrade as either the 
bottom of a cut operation, or the top of a 
fill operation. In either event, all such sur- 
faces must be structurally prepared to cre- 
ate a uniform subgrade prior to major 
trenching and backfilling. The challenge to 
both designer and contractor is to accom- 
plish this central task while limiting the area 



of disturbance Figure 130-2 illustrates how 
a design is superimposed on an existing 
landscape to create contract work zones 
and protected areas. Special care is typical- 
ly required at the junctions of site and 
structure and where the new landscape 
meets the existing conditions. 

1.4 Common Work Sequence 

Most site construction follows a common 
sequence starting with the contractor's bid 
submittal and ending with final inspection. 
The exact sequence will vary with climate 
zone, soil, and vegetative cover, and local 
laws and customs. However, aspects of 
each step occur in most instances The fol- 
lowing points briefly summarize the 
process: 

1. Define the project scope and the 
degree of site intervention required 
(light, medium, or heavy), 

2. Examine the existing site conditions to 
identify fragile zones or areas requir- 
ing extensive mitigation (wetlands, 
endangered species, mature specimen 
trees, poor soils, bed rock or boulders, 
hazardous wastes, etc.), 

3. Prepare a detailed quantity take-off 
and develop a construction strategy 
(materials quantity list, equipment 
mobilization and labor crew require- 
ments, final cost estimate, and time 
line chart), 

4. Execute a preliminary layout survey to 
confirm alignment and dimensional 
accuracy with regard to existing site 
hazards to be avoided or assets to be 
protected. Adjust plan with client 
approval if required. 

5. Prepare the site for new construction 
(site preparation). 



6. Develop the site according to plans 
and specifications (execute work). 

7. Receive final inspection and client 
approval (punch list). 

8. Execute final contract items (final 
clean-up, mechanic's lien waivers, 
final inspections, final payment, and 
certificate of occupancy). 



2.0 CONTRACTOR'S 
RESPONSIBILITIES 



2.1 Bid Preparation 

The contractor must first prepare a bid for 
the proposed work based upon a thorough 
review of the construction documents 
which are typically divided into four parts: 
1 Working Drawings- Scaled graphic 
plans and sections representing the pro- 
posed site development, and containing 
limited written notes. Quantities are 
estimated from the indicated dimen- 
sions. Layout and grading data is suffi- 
ciently detailed to allow direct transfer 
of the plan geometry to the construc- 
tion site. (Refer to Section 110: 
Construction Documents for more 
information). 
2. Specifications- Written descriptions of 
the work to be accomplished. They 
provide quality standards established 
by regulatory agencies, independent 
testing agencies, and product manu- 
facturers. Specifications may be writ- 
ten to describe specific construction 
methods, or they may describe desired 
outcomes or performance require- 
ments, allowing a degree of latitude as 
to method of execution. 
3 General Conditions- Requirements 



The contractor's main responsibility is to execute the contract work in a safe, techni- 
cally competent, and efficient manner. 

1 . All site construction work is governed by the Contract Documents which consist 
of: working drawings, specifications, general conditions, and the agreement form. 

2. A bid pnce is estimated based upon the cost of implementing all of the provisionof 
the working drawings and specifications within the framework of the general con- 
ditions and the agreement. 

3. Bid prices based on careful physical analysis of the site and related technical 
reports may result in ± 5% unit price accuracy. Poor site data can cause site prepa- 
ration unit price swings of up to i 20%. 

4. Site access and fragility, magnitude of material quantities, and construction time 
period available determine the construction strategy required. 

5. Before final payment may be made, a final inspection must be passed, and 
mechanics lien affidavits musl be submitted. 
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Figure 130-1 a. A typical design cross section emphasizing finished surface elevations. 
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Figure 130-2. A design may be "surgically" installed within an existing land 

s. Circled junctions of new and old require special design attention. 



for executing the contract with regard 
to insurance coverage limits, bonds, 
field change orders, and all other sim- 
ilar administrative aspects. 
4. Agreement Form-A legally binding 
document endorsed by the owner and 
the contractor which seals and initiates 
the contract. It contains a complete list 
of bid items, their respective quanti- 
ties, and the unit pricing for each item 
with a price provision for adding or 
deleting a specific item after construc- 
tion initiation. 

A bid price is estimated based upon the 
cost of implementing all of the provisions of 
the working drawings and specifications 
within the framework of the general condi- 
tions and the agreement. The bid price rep- 
resents the contractor's cost summary for: 



I. 



2. 



OS 3. 

<D 
CL 

O 4 



Preparing the site to receive the design 
elements. 

Furnishing and installing all materials 
as specified. 

Providing the necessary equipment 
and labor crews for the required peri- 
od of time. 

Operation overhead expenses and 
profit. 



p 2.2 Pricing 

Site work has many variables which require 
site visits and careful study of site data (sur- 
veys, utilities, soil reports, boring data, 
etc.). Unit price estimates based on such 
scrutiny may result in a reasonably high 
accuracy of ±5%. Most bid prices allow for 
unforeseen contingencies and can range in 
accuracy from ± 5 to 20%. There is often a 
correlation between unambiguous contract 
documents and accurate bid prices, due to 
greater contractor confidence in data accu- 
racy. 



2.3 Project Organization 

Once the quantities and work scope are 
established, a time-line structure is 
designed to account for all site construction 
tasks which are required to complete the 
project. Using historical records and proba- 
bility factors, an optimistic, pessimistic, and 
most probable time allotment is assigned to 
each task. The tasks are arrayed in a 
sequential diagram based upon the 
Program Evaluation Review Technique 
(PERT), or the more straight forward 
Critical Path Method (CPM) to account for 
the beginning and end of each task, and to 
indicate which tasks can occur simultane- 
ously and which require linear sequencing. 

Figure 130-3 illustrates a typical CPM 
diagram for the construction of a building 
The initial site preparation tasks are execut- 
ed in a linear fashion while other tasks 
begin and end at intermeshing intervals. 
The goal of such a time line is to discover 
the network of tasks upon which all other 
tasks depend This is called the critical path 
and represents the sequence of events 



which ultimately determines the comple- 
tion date. 

Using PERT analysis on a daily basis, the 
network can be tracked and adjusted 
weekly so that the completion date can 
remain on target. Figure 130-4 represents a 
project bar based upon the PERT diagram. 
The critical path is identified by shaded 
bars. If the shaded tasks are not completed 
on-time, the project completion date will 
be missed Project management can com- 
pensate when critical tasks are delayed 
through one or more of the following 
options: 

1 . Secure additional labor. 

2. Shift existing labor from less critical 
tasks. 

3. Add or divert equipment. 

4. Work overtime. 

5. Use multiple shifts. 

Such actions will result in higher costs, 
which may need to be offset by striving to 
achieve optimistic completion time for less 
critical tasks. 

2.4 Final Clean-up, Inspection, and 
Payment 

The last operation on a construction project 
is the final clean-up. The contractor must 
remove all construction debris, temporary 
fencing, drainage fixtures, equipment, 
materials, and leave the site in "move-in" 
condition. Before final payment may be 
made, a final inspection must be passed, 
and mechanics lien affidavits must be sub- 
mitted. 

Punch List: 

Final inspection requires the contractor to 
satisfy all of the requirements of the gener- 
al conditions, including inspection of specif- 
ic items on a punch list. The client's agent is 
required to verify compliance and to 



cm 



e Preparation 



The contractor must prepare the site to receive the proposed design by using appro- 
priate equipment for the project size while protecting natural resources. 

1. Site clearing is the first step in prepanng the site for new construction. It encom- 
passes vegetation removal and strut tural demolition as specified on the con- 
struction drawings. 

2. Before any earthwork grading may commence, all organic matter must be cleared 
and grubbed from the construction zone so that subgrades may be properly pre- 
pared. 

3. Topsoil is typically stripped to a depth of 100-150 mm (4-6 in) and stockpiled for 
later use as a growing medium for plants and embankment stabilizing grasses. 
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Figure 130-3. A typical CPM diagram for the construction of a building. The initial site preparation tasks are executed in a 
linear fashion while other tasks are simultaneous. 



approve acceptance before final payment is 
issued 

Mechanics Liens: 

All mechanics liens must be certified as 
being paid before the contractor receives 
final contract payments and is released 
from performance bond obligations. This 
protects the client from any future claim of 
non-payment for services due to funds held 
back by the contractor. 



3.0 SITE PREPARATION 



3.1 Preliminary Layout Survey and 
Staking: 

Plan Discrepancies: 

The proposed design is preliminarily 
staked out on the site to locate all key con- 
trol points such as road traverse points-of- 
intersection (Pi's), proposed building coor- 



dinates (corners or column centerlines), 
centerlines and edges of extensive parking 
lots, or other continuous planes (such as 
athletic fields, etc.). All discrepancies 
between plans and site location are record- 
ed and reported to the designer for amend- 
ment and administrative change order if 
required. 

Limit of Work Line: 

Once amended, the following steps are 
commonly followed: 

1 . The limit of work line is staked to 
establish the disturbed area perimeter. 
This most often requires perimeter 
anti-siltation barriers and filters to be 
placed at low points to prevent con- 
struction site run-off from contaminat- 
ing adjacent land and streams. 

2. Specimen trees and vegetative masses 
designated for protection on the plans 
are staked out and secured as per 



specification to prevent damage from 
compaction, incision, or impact abra- 
sion. Selected vegetation is often dug 
and moved to a temporary nursery for 
later planting (Refer to Section 550: 
Plants and Planting for further infor- 
mation). 

3.2 Site Clearing 

Site clearing is the first step in preparing the 
site for new construction. It encompasses 
vegetation removal and structural demoli- 
tion as specified on the construction draw- 
ings. 

General Demolition: 

All designated structures such as existing 
buildings, pavements, curbs, walls, fences, 
ancillary site structures, buried utility 
basins, pipes and conduits, are typically 
removed from the new construction zone 
If local regulations permit, selected foot- 
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Figure 130-4. A project bar diagram based upon a PERT diagram showing 
beginning and ending times of all tasks. The critical path is shaded. 



ings, basements, and basins may be filled 
and buried as per specification. Rubbish 
handling and dump fees may be prohibitive 
for small scale projects. Re-cycling of older 
structures and materials may be a more 
economically sound alternative. 

■™ 

q Selective Demolition: 

^ Contaminated Structures: All chemically 
jg contaminated structures and materials 
n must be removed from the site and dis- 
Q posed of in an approved facility according 
to regulatory specifications, to insure that 
5 the contamination is contained and miti- 
-— gated. Removal of contaminated structures 
O and soil can be very costly. Sites suspected 
3 of contamination must be thoroughly test- 
's ed prior to design to determine the feasibil- 
C "ty or appropriateness of development 
O 

Saw or Torch Cutting: Portions of existing 
pavements or site walls which are being 

4-i extended or amended are typically sawn to 

i/5 provide a clean joint between new and old 
work. Metal structures may require torch 

Q cutting to prevent bending during general 

u demolition activity. 



Clearing and Grubbing: 

Before any earthwork grading may com- 
mence, all organic matter must be removed 
from the construction zone so that sub- 
grades may be properly prepared 
Vegetation is first removed to prepare for 
topsoil stripping and stockpiling. The con- 
tractor typically visits the site to verify veg- 
etative cover density, topography, accessi- 
bility, and soil hydrology to determine the 
best method for removing vegetation with- 
in the specified construction zone. All turf, 
weeds, shrubs, and trees, are cleared and 
stumps are grubbed out of the earth using 
specialized equipment for large sites, and 
hand labor for small sites. Table 130-1 cor- 
relates clearing method (equipment), vege- 
tation type, and clearing area size for light, 
medium, and heavy vegetative cover. It is 
best to preserve as many large contiguous 
tree and shrub groups as possible to both 
enhance environmental quality, and to 
reduce site preparation cost. Heavy clearing 
[400 mm (16 in) diameter trees] is often 
more than twice the cost of light clearing 
[150 mm (6 in) diameter trees] 



Selective Clearing: Selective clearing refers 
to the removal of individually marked trees 
or trees specified as having a particular 
diameter such as 75 mm (3 in) or less. This 
is commonly done to open an area for 
access, or to lessen competition for larger 
trees within a forest stand. 

Tree and Stump Disposal: It is common 
practice to pass woody plant material, 
including grubbed stumps through a heavy 
wood chipper for use as on-site mulch later 
in the construction process. This creates a 
valuable organic resource and eliminates 
hauling fees. 

3.3 Topsoil Stripping and 
Stockpiling 

Topsoil is typically stripped to a depth of 
100-150 mm (4-6 in) and stockpiled for 
later use as a growing medium for plants. 
All of the area within the limit-of-work line 
which is to be re-graded must be stripped. 
In areas previously compacted by vegeta- 
tive clearing and demolition activities, the 
soil is scarified to loosen the imbedded top- 
soil before it is removed. 

Equipment required for stripping is 
determined by the area size and the push 
or haul distances. There are three basic 
types of equipment and several variations 
of each type which are commonly 
employed: 

Bulldozers: These are caterpillar track 
mounted tractors with broad front mount- 
ed blades which strip by pushing the soil 
forward at a controlled depth. Bulldozers 
come in a variety of sizes, but are general- 
ly not economical when the push distance 
is over 60 000 mm (200 ft). The cost per m* 
of earth moved for a haul distance of 90 
000 mm (300 ft) may be 3 to 4 times 
greater than for a haul distance of 30 000 
mm (100 ft) due to loss of efficiency 
Bulldozers are used on most light to medi- 
um-sized construction sites, or may be used 
on larger sites with irregular or restricted 
operating distances. Figure 130-5 illustrates 
a typical steel track bulldozer commonly 
used for small scale stripping and excava- 
tion. 

Scrapers: These come in a variety of 
types, but all are essentially motorized bins 
which scoop the soil via a cutting blade at 
the bottom of the bin. Soil is forced into the 
carrying bin from the bottom and requires 
high torque and low speed power. Most 
units are pushed by track bulldozers. 
Elevating scrapers are equipped with chain 
driven paddles which scoop the soil into the 
carrying bin, therefore requiring less power 
and no bulldozer assistance. Scrapers work 
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Table 130-1. AREA CLEARING EQUIPMENT SELECTION 



up to 50 mm (2 in) I 





Uprooting 
Vegetation 


Cutting Vegetation At 
or Above Ground Level 


HnOLKing ine 
Vegetation 
to the Ground 


In rn rnS* tin n t\f 

incorporation oi 
Vegetation 
into the Soil 


Small areas 
4.0 hectares 
(10 acres) 


Bulldozer blade, axes, 
grub hoes, and mattocks 


Axes, machetes, 
brush hooks, grub hoes 
and mattocks, wheel- 
mounted circular saws 


Bulldozer blade 


Moldboard plows, 
disc plows, disc harrows 


Medium areas 
40 hectares 
(100 acres) 


Bulldozer blade 


Heavy-duty sickle mowers 
[up to 40 mm (1 1/2") dla.], 
tractor- mounted circular 

cjurc- ■! i.: n, . n. i .-.A mtarw mr^lA/firt 

XJ" J F lUl|Jt. 'IU1 l.i lUWy lllUirl.il 


Bulldozer blade, 
rotary mowers, flail-type 
rotary cutters, rolling 
brush cutters 


Moldboard plows, 
disc plows, disc harrows 


Large areas 
400 hectares 
(1,000 acres) 


Bulldozer blade, 
root rake, grubber, 
root plow, anchor chain 
drawn between two 
crawler trailers, rails 




Rolling brush cutter, 
flail-type cutter, anchor chain 
drawn between two crawler 
tractors, rails 


Undercutter with disc, 

mnldboard plows, 

disk plows, disk harrows 




wring, Vegetation 75 to 200 


mm <2-8 in) 








Uprooting Vegetation 


Cutting Vegetation At 
or Above Ground Level 


Knocking the Vegetation 
to the Ground 


Incorporation oi 
Vegetation 
into the Soil 


Small areas 
4.0 hectares 
(10 acres) 


Bulldozer b!,!<lf- 


Axes, crosscut saws, 
power chain saws, 
wheel-mounted circular saws 


Bulldozer blades 


Hp ivy-duty disi plow, 
disc harrow 


Medium areas 
40 hectares 
(100 acres) 


Bulldozer blade 


Power chain saws, 
tractor-mounted circular saws 
mower [up to 100 mm 
(4 in) diameter) 


Bulldozer blade, rolling 
brush cutter [up to 125 mm 
(5 in) diameter), rotary 


Heavy-duty disc plow, 
disc harrow 


Large areas 
400 hectares 
(1,000 acres) 


Shearing blade, angling 
(tilted), bulldozer blade, 
rakes, anchor chain 
drawn between two 
crawler tractors, root plow 


Shearing blade 
(angling or V-type) 


Bulldozer blade, 
flail-type rotary cutter, 
anchor chain 


Bulldozer blade with 
heavy-duty harrow 


Heavy Clearing, Vegetation 200 mm (8 in) Diameter or Larger 




Uprooting Vegetation 


Cutting Vegetation At 
or Above Ground Level 


Knocking the Vegetation 
to the Ground 




Small areas 
4.0 hectares 
(10 acres) 


Bulldozer blade 


Axes, crosscut saws, 
power chain saws 


Bulldozer blade 




Medium areas 
40 hectares 
(100 acres) 


Shearing blade, angling 

(tilted) knockdown beam, 

rakes, tree stumper 

350 mm (14 in) hardwood], 

sheanngblade -power saw 

combination 


Shearing blade (angling 
or V-type). tree shear [up to 
650 mm (26 in) softwood; 


Bulldozer blade 





Large areas 
400 hectares 
(1,000 acres) 



Shearing blade, angling 
(tilted), knockdown beam, 
rakes, tree stumper, 
anchor chain with ball 
drawn between two 
crawler tractors 



Shearing, blade (angling 
or V-type) sheanng blade- 
power saw combination 



Anchor chain with ball drawn 
between two crawler tractors 



*Th<s table suggests equipment requirements fnr Light, Intermediate, and Heavy Clearing The productivity of the equipment will dep< 



r density mid the type cf growth 
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in continuous loop cycles skimming soil 
from the excavation zone and depositing it 
via a belly hopper in a linear stockpile for- 
mation. These machines require sufficient 
maneuvering room to be effective and eco- 
nomical. Figure 130-6 illustrates two com- 
mon scraper types: a. bottom mounted 
scraper blade, b. elevating paddle mounted 
scraper blade. Figure 130-7 illustrates the 
methods of push loading scrapers. 

Power Shovels: Also used for general 
excavation, these machines are often used 
to strip embankments or to reach areas too 
narrow for other machines. They must be 
used in combination with a truck hauler. 
Figure 130-8 illustrates a typical power 
shovel. 

Table 130-2 shows soil compaction 
caused by different equipment. 



4.0 SITE IMPROVEMENTS 




130-5. A typical steel track bulldozer 
medium scale stripping and excavation. 



commonly used for small to 
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4.1 Earthwork 

After a site has been cleared and stripped 
of its organic soil horizon, it is prepared for 
general excavation. Typically, top and bot- 
tom of slope grade stakes are set to indi- 
cate to operators where embankment cuts 
begin and where embankment fills are to 
end. Earthwork operations are divided into 
cut, fill, trenching, and bulk excavation. 
Earth is moved to create platforms for new 
construction of all roads, buildings, parking, 
or open lawn areas. Subgrades are general- 
ly set before trench or bulk basement exca- 
vation occurs. Work is scheduled to avoid 
long hauls or excessive multiple handling. 
Figure 130-9 and Table 130-3 illustate the 
typical change in soil volume during earth- 
moving operations. Table 130-4 illustrates 
the ideal shovel output of bank units per 
hour. If soil is suitable, soil from cut areas is 
placed directly in adjacent fill areas using 
the largest piece of equipment possible 
Figure 130-10 illustrates a typical cut and 
fill diagram showing the top-of-cut stake 
and bottom-of-fill stake laid out in a pre- 
liminary survey. 



■£ Cut Operations: 
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Cut operations lower the subgrade so that 
it may be prepared to receive pavement 
bases or topsoil for planted areas. Scrapers 
may be used for large areas and deep cuts, 
along with bulldozers to shape embank- 
ments. Although cut slopes may repose at 
1 :2 in most soils, a 1 :3 or 1 :4 slope is much 
more stable over time, and requires less 
expensive maintenance (mowing) opera- 
tions (See Table 130-5 for typical angle of 
repose values of excavated soils). Long 
slopes may require bench terracing for sta- 




a. Bottom mounted scraper blade 




b. Elevating paddlemounted scraper blade 



Figure 130-6. Common scraper types. 
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Table 130-2. SOIL COMPACTION GUIDE BY EQUIPMENT TYPE (UNIFIED 
SOIL CLASSIFICATION) 









Modified Proc 




soil Type 


Recommended 


Su.tabl, 




lb/ft 3 


cw 


VR, VP 


PH. SW SP, CR. CT 


2.00-2.24 


125-140 


CP 


VR, VP 


PH, SW. SP, CR, CT 


1 76-2.24 


110-140 


CM 


VR, PH, SP 


VP, SW. GR, CT 


1.84-2 32 


115-145 


CC 


PH. SP 


SW. VR. VP. TF, CR, CT 


2 08-2 32 


130-145 


sw 


VR. VP 


PH. SW SP, CR. CT 


1.76-2.08 


110-130 


SP 


VR. VP 


PH. SW 5P, GR, CT 


1.68-2.16 


105-135 


sm 


VR, PH. SP 


VP. SW. GR. CT 


1.60-2.16 


100-135 


5C 


PH. SP 


SW. VR. VP. TF, CR. CT 


1.60-2.16 


100-135 


ML 


PH, SP 


TF. 5W. VR. VP, GR. CT 


1 44-2.08 


90-130 


CL 


PH, SP 


TF. SW. VR. CR. CT 


1.44-2.08 


90-130 


OL 


PH. SP 


TF, SW, VR. GR, CT 


1.44-1.68 


90-105 


MH 


PH. SP 


TF, SW, VR, GR, CT 


1.28-1,68 


80-105 


CH 


TF, PH. SP 


VR. GR, SW 


1.44-1.84 


90-115 


OH 


TF, PH, SP 


VR, GR. SW 


1 28-1 76 


80-110 


Pt 


Compaction nol practical 






"Symbols: 











CT = Crawler Tractor 9-27 metric tons (10-30 tons) 
SW = Smooth Wheel 3-14 metric tons (3-15 tons) 
GR = Grid Roller 5-14 metric tons (5-15 tons) 
TF = Tamping Foot 5-27 metnc tons (5-30 tons) 
PH = Pneumaht Roller 9-45 metric tons i10-50 tons) 
VP = Vibrating Plate <1 metric ton (<1 ton) 
SP = Segmented Pad 5-27 metric torn (5-30 tons) 
VR = Vibrating Roller 3-22 metric tons (3-25 tons) 



Source S W Nunnally, Construction /VlefWs and Atali/jemenl 



bility (Refer to Section 320: Grading 
Techniques for further information). 

If a building is to be constructed in a cut 
zone, the area surrounding the proposed 
building site is graded to rough subgrade 
prior to footing excavation to minimize the 
cost of excessive trenching or bulk excava- 
tion. Well points or curtain drains may be 
required to lower the water table dunng 
construction. Test pits and borings during 
early exploration usually indicate the pres- 
ence of ground water. Figure 130-11 
shows new subgrades in general cut prior 
to building foundation excavation 

Pavements: The subgrade under pave- 
ments must be uniform, free of ruts or 
depressions, and sloped to dram. 
Specifications typically refer to acceptable 
sag tolerances in high quality construction. 
Large parking lots require care to insure 



that excavator tracks and blade striations 
run parallel to the slope to prevent infiltra- 
tion or capillary water from accumulating in 
ruts under the finish pavement base. 

Footings and Foundations: Excavation 
for footings and foundation walls require 
sufficient space for form work placement 
and removal. The base of the excavation 
should extend at least 600-900 mm (2-3 ft) 
beyond the foundation wall dimension. 
Excavation side slopes are usually set at 2:1 . 
but in stable soils may be 1:1. The bulk of 
excavation is executed with power equip- 
ment, but hand digging is often employed 
for setting the footing to create a uniform 
and neat bearing surface. Bulldozers may 
be used for small structures, but power 
shovels are more common. (Refer to Table 
1 30-2 for equipment capacities.) 



Pipe and Pit Trenching: Trenching for 
utilities is usually accomplished by a back- 
hoe, which has a normal reach of 1 800 
mm (6 ft). Extensive or heavy duty trench- 
ing may employ a larger power hoe [2 400- 
3 000 mm (8-10 ft) reach], or a wheel or 
chain trencher. Chain trenchers have an 
excavation capacity of 38-380 m 3 (50-500 
yd 3 ) per hour, depending on model type. 
Large trenches require slip-form bracing to 
prevent trench wall collapse and are back- 
filled immediately after each pipe segment 
is laid. Basin structure pits are usually dug 
during this operation. Figure 130-12 illus- 
trates a backhoe showing trenching and 
loading capabilities. Table 130-6 illustrates 
standard cycles per hour for hydraulic back- 
hoes. 

Piers and posts: Architectural piers may 
be dug by backhoe if footings are required. 
If piers are columnar concrete and set in 
cylindrical fiber forms, holes may be dug by 
power auger up to 600 mm (24 in) in diam- 
eter. Electrical conduit trenches may be dug 
after fixture pier forms are set to avoid col- 
lapsing, using a chain bucket narrow 
trencher. Post holes for fences and light 
decking are typically dug by manual post- 
hole diggers or hand operated power 
augers. 

Rock Removal: Sound planning seeks to 
avoid rock removal due to cost and geolog- 
ical disturbance. The presence and density 
of rock is determined by seismic wave 
velocity readings Readings above 2 500 
m/sec (8,000 ft/sec) usually indicate 
removal by blasting. Readings below that 
threshold indicate removal by mechanical 
ripping. If blasting is required, regularly 
spaced holes are drilled to create a weak 
plane and explosive charges are set within 
them. Blasting areas are usually covered 
with heavy steel cable mesh fabrics inter- 
woven with rubber tires to contain frag- 
ments during explosion. Ripping is accom- 
plished with a hydraulic steel ripping knife 
mounted on the rear of a track bulldozer. 
Ripping is more economical and safer than 
blasting. 

Fill Operations: 

All areas designated to receive fill are typi- 
cally scanfied (surficially roughened) to cre- 
ate a mechanical bond between the sub- 
grade and the new fill. Fill is systematically 
placed in specified layers or lifts [150-300 
mm (6-12 in)] and compacted by appropri- 
ate machinery. Scrapers may place the soil 
in accurate lifts by setting discharge rate 
and bin blade height, and are the most eco- 
nomical method for executing large area 
fills. Trucks may deposit piles which require 



in 
C 

o 

I 

CL 
O 

c 

o 

"ts 

3 

i— 

-4-> 

(A 

c 

5 

Ln 

O 
m 



Time-Saver Standards tor Landscape Architecture 



130-10 



hr.kAilT _ 



L0AON0 ' 



PUSHER 
TRACTOR 




E3o 



BACK-TRACK 
LOADING 






£1 







c 

o 

I 

Cl 

o 

c 

o 



(A 

c 
o 
u 

a> 

-M 

o 
m 



CHAIN 
LOADING 



B 
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LOADING 



Figure 130-7. Methods of push loading scrapers. 



spreading by bulldozer to the specified lift 
depth This latter method is typical for light 
to medium construction. Each lift must be 
compacted to achieve the specified density 
of 95% so that the rate of infiltration and 
bearing capacity will resemble that of 
"undisturbed earth." This operation is also 
called "controlled fill placement" and is 
repeated until the new subgrade elevation 
is achieved. Soil types determine the 
method used for compaction. 

Clay Soil Compaction: Cohesive soils 
such as days and loams are commonly 
compacted using a tractor drawn sheeps- 
foot roller. High density compaction for 
these soils requires 8-12 passes. Figure 
130-13 illustrates a sheepsfoot compactor. 

Granular Soil Compaction: Granular 
soils must be rolled and vibrated using steel 
or rubber tire rollers, since sheepsfoot 



rollers are ineffectual on non-cohesive soils. 
Typically 4-6 passes are required to achieve 
the appropriate compaction density (Soil 
specifications will vary. Figure 130-14 illus- 
trates an array of vibrating rollers. 

Types of Fill: 

General Fill: General fill is usually subsoil 
taken from on-site cut and must be struc- 
turally suitable to avoid differential settle- 
ment or excessive swelling. Good site 
design balances cut and fill and avoids sites 
with unsuitable construction soils (Refer to 
Section 320: Grading Techniques for infor- 
mation on balancing cut and fill). 

Trench and Foundation Backfill: 

Backfilling of pipe and foundation trenches 
requires controlled lifts and careful com- 
paction to avoid differential settlement and 
trench wall slump. Sands and aggregates 



Figure 130-8. Power shovel. 

are typically used as pipe and perforated 
drain bedding respectively. Backfill material 
should contain graduated particle sizes and 
not contain large stones, which could cre- 
ate air pockets. 

Structural Fill: Structural fill typically is 
placed under building floor slabs and 
requires very stringent placement and com- 
paction. It consists of graded aggregate 
base material placed in 150 mm (6 in) lifts, 
and vibrated and rolled to achieve 95% 
density. For reasons of cost and stability, 
such structural fills should not exceed 900 
mm (3 ft) in common circumstances. 

4.2 Drainage and Utilities 

Placement of sanitary and storm sewer 
basins and pipes begin after cut and fill 
operations are completed so that outfalls 
may be connected to subsequent building 
drains, site curtain drains, and other tem- 
porary dewatering and construction runoff 
filtering systems. Care must be taken to 
insure that newly buried pipes have suffi- 
cient soil cover in those areas subject to 
heavy vehicular traffic. Most thin wall (steel 
and polymer) pipes require 750 mm (30 in) 
of soil cover to prevent crushing. At this 
stage in construction, subgrades may be 
300-450 mm (12-18 in) below finish 
grades. All drain basins require controlled 
backfills to prevent lateral shifting in vehic- 
ular pavements. Most basin pits are dug 
with a power hoe (Refer to subsection 2.5: 
Pipe and Pit Trenching). 

Structures: 

Basins: Sanitary and stormwater basins 
require concrete footings, typically placed 
directly on excavated subgrade, unless soils 
require additional preparation. Depth of pit 
excavation must be carefully calculated 
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Table 130-3. TYPICAL SOIL WEIGHT AND VOLUME CHANGE CHARACTERISTICS' 



Unit Weight 
Ekg/m' (Ib/cu yd 



Clay 



1 370 (2310) 1 780 (3000) 



Common 1 471(2480) 1 839(3100) 
earth 



Rock 1 815(3060) 

(blasted) 



Sand 

and gravel 



2 729 (4600) 
1 697 (2860) 1 899 (3200) 



(%) 



2 225 (3750) 
2 047 (3450) 

2 106 (3550) 

2 166(3650) 



30 

25 



50 
12 



Shrinkage (%) Load 

20 0.77 
10 0.80 



-30- 
12 



0.67 
89 



■ End values vary with pam nzt distribution, moisture compaction, and other fartnn. Tests are required to determine enact values for a specific soil 

■ •Compacted rock is less dense than when in-ptace 

Source S. W. Nimndty, Construction Method! and AtariaRerm-nf. 1993. 



80 
0.90 

1.30- 

088 



from finish grate rim elevation to account 
for: 

1. Modular precast or masonry unit 
dimensions. 

2. Invert elevation of the exit drain. 

3 Sump depth if clean-out cavity is 
included. 

Pipes: Well planned site design seeks to 
combine utility corridors to minimize site 
disruption and confine future repair activi- 
ties to a manageable portion of the site It 
is best to place pipes and conduits in 
ascending order of depth (deepest first and 



shallowest last) to avoid conflicts when util- 
ities cross paths. On occasion, sewer lines 
may be laid with broad horizontal arcs to 
avoid disrupting tree stands. Care should 
be taken to maintain design slope and to 
provide for clean-out capability. It is com- 
mon practice to lay pipe from the outfall 
back to the high point to prevent the pipe 
trench from filling with either rain water or 
infiltration water during construction oper- 
ations. Perforated drain pipe trenches are 
frequently lined with a fabric separator to 
prevent fines from entering the stone 
drainage medium. The fabric is folded over 



the top of the pipe stone before the trench 
is backfilled to the surface (Refer to Section 
880: Geotextiles for more information). 
Figure 130-15 Illustrates a typical chain 
trencher for light conduits and small pipes. 

Headwalls and Endwalls: Both struc- 
tures are essentially retaining walls requir- 
ing a footing to maintain constant pipe 
invert elevation in frost-thaw regions and 
shrink-swell soils. Headwalls typically 
require the swale invert to be flush with the 
pipe invert and may require a stone or con- 
crete apron to prevent undermining due to 



Table 130-4. IDEAL SHOVEL OUTPUT [BmVh (BCY/h)] * 















Size [m- (yd')] 












Typeorw-teriai 


©.57 

m 


0.75 

(D 


0-94 

(1V4) 




1-33 


1-53 

(2) 


1-87 


2.29 

(3) 


2.S2 

(3'/j) 


3.06 

(4) 


3.51 


3.82 

(5) 


Moist loam or 
sandy clay 


126 
(165) 


157 
(205) 


191 
(250) 


218 

(285) 


245 
(320) 


271 
(355) 


310 
(405) 


356 
(465) 


401 
(525) 


443 
(580) 


4B5 

(635) 


524 
(685) 


Sand and 
gravel 


114 
(155) 


153 
(200) 


176 

£330) 


206 
(270) 


229 
(300) 


252 
(330) 


298 
(390) 


344 
(450) 


386 
(505) 


424 

(555) 


459 
(600) 


493 
(645) 


Common earth 


103 
(135) 


134 
(175) 


161 

(210) 


183 
(240) 


206 
(270) 


229 
(300) 


271 
(355) 


310 
(405) 


348 
(455) 


390 
(510) 


428 
(560) 


463 
(605) 


Clay, tough, hard 


84 

(110) 


111 
(145) 


138 
(180) 


161 
(210) 


180 
(235) 


203 
(265) 


237 
(310) 


275 
(360) 


310 
(405) 


344 
(450) 


375 
(490) 


405 
(530) 


Rock, well-blasted 


73 
(95) 


96 
(125) 


119 
(155) 


138 
(180) 


157 
(205) 


176 
(230) 


210 
(275) 


245 
(320) 


279 
(365) 


313 
(410) 


348 

(455) 


382 
(500) 


Common excavation 
with rock 


61 
(80) 


80 

(105) 


99 

(130) 


119 

(155) 


138 
(180) 


153 
(200) 


187 
(245) 


222 
(290) 


256 
(335) 


291 
(380) 


321 
(420) 


352 
(460) 


Clay, wet, and 
sticky 


54 

(70) 


73 
(95) 


92 
(120) 


111 
(145) 


126 
(165) 


141 
(185) 


176 
(230) 


206 
(270) 


237 
(310) 


264 
(345) 


294 

(385) 


321 
(420) 


Rock, poorly 
blasted 


38 
(50) 


57 
(75) 


73 
(95) 


88 
(115) 


107 
(140) 


122 
(160) 


149 
(195) 


180 
(235) 


206 
(270) 


233 
(305) 


260 
(340) 


287 
(375) 



•Based on 100% efficwncy.SW swing, optimum depth ot cut. matenal loaded into haul units al grade level Based on PCSA data 
■Ideal Shovel output of bank units (B) per hour |Bm3/h (BydJ.f,)) by t 



o 

1 

0) 
Q_ 

O 

c 

o 

E 

tfj 
c 
o 
u 

CD 

in 

O 

on 



Source S W. Nunnalty. Construction Methods and Manj^rnKnt 



Time-Saver Standards for Landscape Archilectuie 



130-12 




Figure 130-9. Typical soil volume change during earthmoving operations. 
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Figure 130-10. A typical cut and fill diagram 
and bottom-of-fill stake. 



showing the top-of-cut stake 
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New subgrades in general cut prior to building foundation 



turbulence Endwall pipe inverts are typical- 
ly held 150 mm (6 in) above the swale 
invert to allow free flow of water into the 
swale. The swale requires a stone or 
masonry apron to absorb discharge and 
prevent erosion. 

Infiltration and Detention Ponds: These 
structures are often constructed using bull- 
dozers, but in wet soils, may require 
draglines or hydraulic beam bucket excava- 
tion. Most regions require special permits 
when working near wetlands. Care should 
be taken to insure that siltation is kept to 
minimum during construction and that weir 
structures are securely fixed to earthen 
dams to prevent breaching during heavy 
loads (Refer to Section 420: Small Dams, 
for details of earth dams). 

Electrical and Telecommunication Lines: 

Local codes require specific depths for each 
type of utility. Typically, electrical lines must 
be buried to a depth of at least 600 mm (2 
ft) and rigid conduit must be used under all 
paved areas (roads, drives, plazas). If pave- 
ment base is exceptionally deep, conduits 
are often placed after the aggregate pave- 
ment base is installed to prevent damage to 
the conduit due to the rough grading 
required to set finish subgrade. 
Telecommunication lines require separation 
from electrical lines to avoid magnetic field 
interference (Consult local codes). 

Irrigation Systems: 

Irrigation lines, having the shallowest depth 
[300-450 mm (12-18 in)], are often one of 
the last utilities installed. Some irrigation 
systems are set after sodding or seeding to 
insure precise placement of riser heads. 
Specialized narrow trenching equipment is 
used for minimal disturbance. Shrub bub- 



Time- Saver Standards tor Landscape Architecture 



130-13 





Figure 130-13. A sheepsfoot com- 
pactor used for colloidal soils. 
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Figure 130-12. A backhoe showing trenching and loading capabilities. 



biers may be installed prior to planting. 
Internal soaker systems are installed after 
topsoil placement and finish grading, but 
before seeding or sodding Valve boxes 
should be located on high ground to avoid 
moisture infiltration. Local practices are 
highly variable (Refer to Section 750: 
Irrigation for more information) 

4.3 Grading 

Grading operations prepare the site to 
receive pavements, plantings, and all other 
site improvements (Refer to Section 320: 
Site Grading for further information) The 
site is surveyed to set finish layout and 
grading stakes. Stakes are offset from road 
centerlines and pavement edges so as not 
to interfere with subsequent construction 
operations. Grade stakes are typically offset 
300-600 mm (2-3 ft) from proposed pave- 
ment edges. Grading involves two phases; 
rough grading and finish grading 



Rough Grading: 

Rough grading occurs after all cut and fill 
operations have established approximate 
elevations for proposed subgrades, accord- 
ing to drawing details, cross sections, and 
specifications. Typically, bulldozers, road 
graders, and hand labor is required to pre- 
cisely set edges and to create uniform 
slopes. Grading under slabs and pavement 
structures requires precision within 15 mm 
(1/2 in). Table 130-7 indicates subgrade 
depth under various finish surfaces. 

Finish Grading: 

Finish grading refers to the final placement 
of topsoil between pavements and struc- 
ture. Soil depths vary by planting type. 
Typically this is accomplished after major 
planting of trees and all other activities 
which require hauling have been complet- 
ed. 





Figure 130-14. Typical vibrating 
; for granular soils. 




Figure 130-15. Typical chain trencher 
for light conduits and small pipes. 
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PLASTIC FILM. GEOTEXTILE. 
OR LANDSCAPE FABRIC IN 
ROLLS. APPLIED BY MACHINE 




Figure 130-16. Geo textile fabric separator application equipment. 



Figure 130-18. Hand operated 
vibrating plate power compactor. 
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Table 130-5. TYPICAL ANGLE OF 
REPOSE VALUES OF EXCAVATED 
SOIL. 



Figure 130-17. Typical motor grader used to smooth out compacted fill areas 
and subbase material. 



4.4 Paving and Surfacing 

Pavement structures commonly consist of a 
base course and a wearing course. The 
base course is usually a prepared aggregate 
layer which extends beyond the finish 
pavement edge for drainage and support. 
The aggregate base may also serve as a 
base for various types of edging and curb- 
ing (Refer to Section 440: Surfacing and 
Paving for more information). All areas des- 
ignated as hardscape on the plans receive 
layers of graded aggregate material as 
specified. The material may range from 
structural silica sands to crushed processed 
stone. In clay soils, a fabric separator may 
be placed on the subgrade to reinforce the 
base to guard against subgrade deforma- 
tion and lateral subbase creep. A specially 
equipped tractor with a wide roll dispenser 
is used for large installations (Refer to 
Figure 130-16). 



Aggregate Base Placement: 

Roads and Parking Lots: Aggregate is 
placed on the prepared subgrade using the 
largest dump truck possible, and spread by 
bulldozer or road grader to achieve 150- 
200 mm (6-8 in) lifts. Vehicular pavements 
often require a subbase and base course to 
provide proper support for the finish pave- 
ment. Recycled pulverized pavements 
mixed with aggregates often provide an 
on-site resource from the demolition oper- 
ation. Aggregate subbases are rolled and 
compacted using the method described for 
structural fill. Internal grade stakes may be 
set in large paved areas to clearly mark fin- 
ish and subbase grades for equipment 
operators. Concrete or stone curbing may 
be set on the prepared subbase, in antici- 
pation of the aggregate base course and 
the finish pavement course. Figure 130-17 
illustrates a typical road grader. Base course 
aggregate is spread on the subbase course, 
rolled and compacted. 



Material 



Angle of Repose(deg) 



Clay 35 

Common earth, dry 32 

Common earth, moist 37 

Gravel 35 

Sand, dry 25 

sand, moist 37 

Source S. W Nunnaliy. Consfructici/l Methods And 
Mdnage/ttent 1993 



Walks and Plazas: Light pedestrian 
pavements commonly use a single course 
aggregate base which is usually spread by 
hand and vibrated with a flat plate vibrat- 
ing power compactor after paving edges or 
forms are set Unit pavers often require 
edging to be set on top of the aggregate 
base and attached with long metal spikes. 
Since bases are typically 100-150 mm (4-6 
in) thick, the material is placed in a single 
lift and compacted with 3-5 passes. Plaza 
pavements subject to service vehicle load- 
ing may require an aggregate subbase 
course for greater strength. In such an 
event, a dense graded aggregate subbase is 
used to support a thinner sand or dense 
grade aggregate base course. Concrete 
forms are set and unit paver edging is 
installed in anticipation of the finish pave- 
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Table 130-6. STANDARD CYCLES PER HOUR FOR HYDRAULIC BACKHOES 



Medium Excavator: Large Excavator: 

I Excavator: [0.94-1.72 itl] Over 1.72 m 3 

Type of material Wheel Tractor [0.75 ml (1 yd 3)] (1 1/*-2 1/4 yd])) (2 1/2 ydl) 

Soft 

(sand, gravel, loam) 170 250 200 150 

Average 

(common earth, soft day) 135 200 160 120 

Hard (tough day. rock) 110 160 130 100 

Source,' S. W Nunrully. Construction MetixxH ,ind Management I993 



merit surfacing. Figure 130-18 illustrates a 
hand operated vibrating plate power com- 
pactor. 

Wearing Surface Placement: 

Pavement adjacent to major planting areas 
may require large trees and shrubs to be 
planted before final wearing surfaces are 
installed, to avoid damage from trucks or 
digging equipment. Certain other site 
improvements such as light poles, signs, or 
site sculpture, etc. may require installation 
prior to pavement placement to avoid 
unnecessary loading. 

Asphalt: Roads composed of asphalt 
usually are installed in two courses. The 
base course is placed on a prepared aggre- 
gate base which often has been penetrated 
with a heated asphalt oil to insure proper 
adhesion of the asphalt base course to the 
aggregate (Refer to Section 820 Asphalt 
for specific information). 

Concrete: Most concrete paving requires 
reinforcing steel mesh or bars to be placed 
between form edges. For maximum 
strength, the steel reinforcing should be 
lifted off of the aggregate base by means of 
metal chair clips, taking care that steel 
remains covered by at least 50 mm (2 in) of 
concrete. Sheets of welded wire mesh 
should lie straight and flat. Premolded or 
straight expansion joint filler should be 
placed in formwork to isolate slabs and 
walks every 7 500 mm (25 ft) (Refer to 
Section 830: Concrete for more informa- 
tion). 

Unit Pavers and Stone: It is critical that 
unit pavers be placed on an adequately 
prepared aggregate base between secured 
edge restrained to prevent lateral creep 
during loading over time. For commercial 
and driveway applications, it is common 
practice to use a dense grade aggregate 
subbase and a 25-50 mm (1-2 in) high sili- 
ca content sand setting bed to serve as a 
proper support structure for unit pavers. 



The silica sand maintains its volume and 
particle size during prolonged periods of 
loading and vibration. 

Special or Proprietary Surfaces: Porous 
pavements, or proprietary athletic facility 
surfaces often require specialized equip- 
ment and crews for installation. Actual 
sequence can vary from job to job. 
Allowances should be made for machinery 
access to avoid damage to finished por- 
tions. 

4.5 Site Furnishings 

Site furnishings is a general category that 
encompasses installation of most above 
ground fixtures and design elements such 
as light fixtures, fences and gates, signs, 
benches, drinking fountains, road and 
parking appurtenances, etc. It may involve 
connecting proprietary fixtures to previous- 
ly wired concrete piers, attaching benches 
to slabs or piers, bolting guard rails onto 
previously set posts, or installing kiosks, 
clocks or information booths. The extent of 
this operation is determined by the scope 
and complexity of the design. 

4.6 Planting Installation 

As stated previously, the sequence of plant- 
ing is highly dependent on site specific cir- 
cumstances. Generally, large trees are 
planted after subgrades have been set and 
aggregate bases have been placed so that 
large equipment used to unload and move 



heavy tree balls will have solid bearing and 
will not destroy any finish work. On occa- 
sion, large specimen trees or previously dug 
and heeled-in existing trees will be planting 
within future building courtyards or other 
constricted access points. Contractors may 
use on-site cranes used for steel erection to 
move these larger specimen into position 
very early in the construction process. Trees 
planted so early in the project must receive 
special protection if adjacent to building 
erection activities (Refer to Section 550: 
Plants and Planting for more information). 

Trees: 

Trees planted early in the process must be 
placed with a grade stake to insure that the 
tree ball will align with the final topsoil or 
plaza finish grade, and that top soil or 
mulch be piled around the exposed tree ball 
to prevent drying before finish grading 
occurs. It is common practice to plant large 
trees directly on the tree pit bottom to pre- 
vent settlement. It is best to be 25-50 mm 
(1-2 in) higher than finish grade. Tree pits 
should be at least 600-900 mm (2-3 ft) 
wider than the tree ball. Most plants will 
grow more vigorously if given more root 
growing medium, especially pavement 
bound trees. 

Shrubs: 

Shrubs, unless very large, are usually planted 
just prior to finish grading and seeding so as 



Table 130-7. SUBCRADE DEPTH UNDER VARIOUS FINISH SURFACES. 
Finish Material Depth to Subgrade 



Topsoil (turf) 150 mm (6 in) 

Planting Beds 200-450 mm (8-18 in) 

Walks and Patios 200-300 mm (8-12 In) 

Driveways and Parking 300-375 mm (12-15 in) 

Roads and Service Drives 375-500 mm (15-20 in) 
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not to interfere with building painting, sign 
installation, light fixture attachments, etc. 

Ground Covers and Herbaceous Plants: 

Designated planting beds are usually edged 
and amended to receive groundcovers and 
herbaceous plants. Practices vary by region, 
but mulch is often placed on beds first to 
control weeds and to maintain moisture, 
then ground cover plantings are placed 
through the mulch. Herbaceous borders 
often do not specify mulch, and bulbs, and 
perennials are planted directly in the soil. 

Seeding and Sodding: 

Large Scale Sites: Sites with complex 
earth grading typically will require a final 
dressing of the subgrade to insure proper 
drainage and adhesion of the new topsoil 
after it is dumped and spread. Large pro- 
jects may use a scraper to place the topsoil 
on the subgrade and tractor graders to 
smooth and rake the soil in preparation for 
seeding. 

Small to Medium Scale Sites: After 
rough grading has been refined and scari- 
fied, topsoil is dumped and spread with a 
bulldozer to the desired depth, and fine 
raked to remove all stones, dumps, and 
large organic matter. The turf areas are 
seeded or sodded as specified. At this 
point all edges and pavements have usual- 
ly been installed and turf areas are careful- 
ly hand raked to achieve a consistent and 
neat junction with adjacent pavements and 
planting beds. 

Special Conditions: In fine soils, swales 
are often lined with sod immediately after 
topsoil is placed to prevent erosion of bare 
soil. In heavy duty circumstances, jute mat- 
ting is stapled over seeded embankments, 
especially those subject to periodic flooding 
adjacent to large swales or rivers banks. 
Steep banks may be hydro-seeded using 
saturated paper mulch, or blown-on straw 
mulch to hold seed and promote moisture 
retention. These special treatments may 
require a shift in normal procedure to 
accommodate equipment and access 
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te Improvements 



After a site has been prepared for new construction, the execution of the site design 
begins. 

1. Earthwork operations are divided into cut, fill, trenching, and bulk excavation. 

2. At the end of cut and fill operations subgrades may be 300-400 mm (12-18 in) 
below finish grades 

3. Placement of sanitary and storm sewer basins and pipes begin after cut and fill 
operations are completed so that outfalls may be connected to subsequent build- 
ing drains, site curtain drains, and other temporary dewatenng and construction 
runoff filtering systems 

4. Typically, electrical lines must be buried to a depth of at least 600 mm (2 ft) while 
irrigation lines are between 300 and 450 mm (12-18 in) deep. 

5. Grading operations prepare the site to receive pavements, plantings, and all other site 
improvements (Refer to Section 320: Site Grading for more information). 
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1.0 INTRODUCTION 



Human spatial standards are derived from 
ergonomic and cultural data and vary wide- 
ly across cultures and land-use settings. 
Standards are often established to provide: 

1 . Minimal safety clearances 
(ergonomic/legal) 

2 Perceived user comfort (psycholog- 
ical/perceptual) 

3. Ceremonial protocol (cultural/ritual) 

4. Aesthetic choice (personal/cultural) 

Most "normative" standards require cul- 
tural adjustment before being applied to a 
particular design setting. Cultural standards 
are often referred to as the "hidden dimen- 
sion," and at times may contradict strictly 




PEDESTRIAN COTWPOt 



Figure 210-1. Elements of spatial enclosure: floor, wall, canopy, modified by 
time, light, climate, and intensity of activity. 
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Figure 210-2. Standing adult male and female dimensions. (Anthropometric data provided by Henry Dreyiuss Associates). 
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Figure 210-3. Patio dining requirements. Circulation space should be factored into 
spatial design. 




physical or ergonomic requirements. 
Dimensions indicated in this section are pri- 
marily North American and may not apply 
in all circumstances. 



2.0 APPLICATIONS 



2.1 Human Spatial Settings 

Human spatial and dimensional require- 
ments, derived from land-use intensity and 
cultural setting, may be conceptualized as 
"space-time environments." Such environ- 
ments are structured by enclosing floor, 
wall, and canopy elements, and are modi- 
fied by time, light, climate, and intensity of 
activity. Figure 210-1 illustrates the ele- 
ments of spatial enclosure in the outdoor 
environment as they relate to human per- 
ception (Refer to Section 340: Pedestrian 
Circulation for more detailed coverage of 
perceptual factors). 

Ergonomic Measurements: 

Typically ergonomic data accounts for age, 
sex, and size as indicated by percentile 
ranking. Figure 210-2, derived from data 
provided by Henry Dreyfuss Associates, 
indicates critical male and female standing 
position dimensions required for the design 
of human environments and artifacts. 
Minimum dimensions developed for archi- 
tectural interior environments require mod- 
ification when applied to exterior space. 
Generally, more exterior space is needed to 
accommodate most human activities com- 
monly associated with interior applications, 
such as dining, walking in a hallway, and 
sitting in a group, because behavior and 
scale perception are altered by the context 
of sky and vista. Minimum patio or deck 
space required for exterior dining may be 
40 to 60% greater than that which is min- 
imally required for interior dining. As illus- 
trated in Figure 210-3, a 3 000 x 3 000 mm 
(10 x 10 ft) dining room when placed on a 
patio setting typically requires a 3 600 x 
3 600 mm or 3 600 x 4 500 mm (12 x 12 
ft or 12 x 15 ft) exterior floor area to avoid 
feeling "cramped" by the lesser dimensions 
while in the openness of the outdoors. 

Peripheral Vision: 

Figure 210-4 illustrates the typical relation- 
ship between the human eye level height 
and the perceived floor plane. Commonly, 
the floor plane is below the vertical cone- 
of-vision (28°) for a distance of 4 times the 
average eye level height of 1 500-1 650 
mm (5 to 5 ft-6 in). In other words, a floor 
plane distance of 6 000-6 600 mm (20-22 
ft) is typically within a pedestrian's periph- 
eral vision zone. The vertical cone-of-vision 
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Figure 210-5. Typical vertical and horizontal garden clearances. Branches and 
hanging vines are usually pruned to allow about 2 TOO mm (7 ft) vertical clearance and 
about 1 500 mm (5 ft) horizontal clearance on a 600-900 mm (2-3 ft) wide path. 
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narrows considerably as velocity increases 
(Refer to Section 342: Vehicular Circulation 
and Section 340: Pedestrian Circulation for 
additional information) 

intimate Garden Scale: 

Figure 210-5 illustrates typical vertical and 
horizontal clearances found in small garden 
settings. Although these dimensions vary 
widely due to local practices and personal 
taste, the table shows general clearances 
required for mobility, safety, and mainte- 
nance considerations (Refer to Section 240 
Outdoor Accessibility for more specific data 
on universal design considerations). 

Figures 210-6 through 210-11 illustrate 
spatial dimensions required for various 
common human activities. 



2.2 Vehicular Dimensions and 
Spatial Requirements 

Vehicular spatial and dimensional require- 
ments vary by vehicle type, land-use set- 
ting, and movement pattern (Refer to 
Section 342: Vehicular Circulation for infor- 
mation on road width and right of way) 
These spatial standards rely more heavily 
on physical data, but also include 
allowances for cultural settings and psycho- 
logical expectations Figure 210-12 illus- 
trates the contextual elements that give 
scale to the pedestrian and vehicular land- 
scape. Spatial standards must accommo- 
date the intermingling of both large vehi- 
cles and pedestrians. Safe setbacks and 
clearances must be provided to protect 
pedestrians, plantings, structures, lights 
and other elements of the designed envi- 
ronment, while providing adequate 
maneuvering room for various types of 
vehicles. 



Figure 210-6. Minimum queuing distances. 
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Figure 210-7. Width requirements for selected pedestrian activities. 
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TYPE 


WIDTH 


tL t ASAHCI 
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SMALL GARDEN 


450 

(i-e-j 
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(6-- 6") 
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2100 
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PREFERRED 


m 


2 IDC 
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SINGLE 


BOO ■ 1 wo 
(3' to 


2IO0 

( r; 
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I6O0 


2 I0O 


MINIMUM 


(SI 


m 


PREFERRED 


1 »oo 

|B") 


2 100 

C! 


FOUR ABREAST 


2 400 


2100 


MINIMUM 


«H 




PREFERRED 


2 'fOO 

en 


2 400 
(»■) 


PUBLIC WAY 
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2 400 

(tf) 
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{»-) 
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LARGE 


6 000 

acr) 


4600 

(«■] 




(V-IO-] 



(Z--3-) 



Figure 210-8. Pedestrian walkway 
width and height requirements. 
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Figure 210-9. Seated figures. 
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i 210-10. Child's dimensional 
proportions for ages 5, 7, and 9. 



Figure 210-11. Covered stairway and ramp vertical clearances. 
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Figure 21 0-1 2. Elements of the pedestrian and vehicular landscape. Scale vari- 
ation in this landscape type is extreme Tall commercial buildings, large trees, large trucks 
and transit vehicles, lights, and signs must co-exist with human scaled walks and corridors. 
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Figure 210-13. Auto parking elements and typical spatial dimensions. Typically plantings, land form, screens, and structures 
are used to create a more hospitable transition from auto to pedestrian path. 



Pedestrians move from vehicles to path- 
ways within parking lot settings. Figure 
210-13 illustrates the typical design ele- 
ments and spatial standards which may be 
employed in parking area design. The data 
indicates minimum tolerances based on 
vehicle size and mechanics, and also points 
to recommended dimensions and configu- 
rations. Generally, parking pavement 
should be minimized, allowing storm water 
runoff to be interrupted by vegetative 
growth in order to slow velocities and allow 
cleansing and infiltration (Refer to Section 
330: Stormwater Management for more 
detailed information). Drainage objectives 
may support visual objectives by breaking 
up the mass of hard surface area through 
the use of landform and planting. 

Automobiles: 

Figure 210-14 and the accompanying chart 
indicates key dimensional data by vehicle 
type. Rear overhang and bottom clearance 
angles are especially noted because they 
affect minimum distances of structures and 
plantings to parking lot curbs, and to max- 
imum ramp differentials respectively. 
Figures 210-15 and 210-16 illustrate over- 
hang and degree of slope relationships. 
Rear overhang is generally larger than front 
overhang, and for design purposes, rear 
overhang provides the more conservative 
dimension to determine minimum setbacks. 
It is common practice to allow for a 1 500 
mm (5 ft) overhang. Parking lots designed 
to accommodate special vehicles such as 
larger trucks, recreational vehicles, and 
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Type 


Length 
L 


Width 
W 


Height 
H 


Rear Overhang 
RO 


Outer Radius 
R 


Inner Radius 
R1 


Subcom pacts 


3 530 to 4 470 
<11'-7"to14'.8") 


1 550 to 1 725 
(5'-Vto 5'-8") 


1 270 to 1 395 
(4-2" to4'-7") 


1 140 
(3'-9") 


6 045 
(19'-10") 


3 275 
(lO 1 ^") 




4 215 to 4 670 
(13 -10" to 15 -4") 


1 675 to 1 725 
(5'-6'- to 5'-8") 


1 320 to 1 420 
M '-4" to^-S") 


1 295 
(4'-3 M ) 


6 550 
(2V-6") 


3 610 
(1V-10-) 


Midsize 


4 570 to 5 080 
(15'-0" to 16' -8") 


1 700 to 1 830 
<&-T to 6'-0") 


1 270 to 1 450 
(4 -2" to4'-9") 


1 320 
(4'-4"> 


6 830 

<22'-5") 


6 835 

(12--7") 


Large Cars 


4 620 to 5 610 
(15'-2" to lff-5") 


1 725 to 2 030 
[5--8" to 6-8") 


1 395 to 1 520 
<4'-7" toS'-Q") 


1 345 
<4'-5") 


7 010 
(23-0") 


3 835 
(12'-7") 


Large Pick-up 


4 820 to 6 150 
<15'-10" to20'-2") 


1 955 to 2 060 
(6 -5" to 6'-9") 


1 750 to 1 930 
(5'-9" toe 1 -4") 


1 320 
(4' -4") 


} £30 
(25-0") 


4 265 

(14'-0") 



boat trailer assemblies, should be designed 
accordingly to prevent damage to plantings 
or other structural elements. 

Interior and exterior radii of the design 
vehicle are essential for the design of turn- 
around and arrival loops to insure suffi- 
cient pavement widths and front, side, and 
rear overhang clearances. Figure 210-17 
illustrates the location of the R1 (interior) 
and the R (exterior) turning radius and 
refers to the table in Figure 210-14. The 
door swing typically requires 1 115 mm (3 
ft-8 in). 

Parking and Maneuvering Patterns: 

Figures 210-18 through 210-23 indicate 
dimensional requirements of common 
parking and service access maneuvers for a 
range of vehicle types and sizes. Each site 
requires careful analysis to design the most 
appropriate pattern for a particular circum- 
stance. These examples are meant to serve 
as points of departure for design. The fig- 
ures also indicate critical setbacks required 



to allow for overhang clearances and snow 
removal in cold climates. An overhang min- 
imum of 1 500 mm (5 ft) should be allowed 
at all back-up spaces to allow for a variety 
of vehicle types, including occasional ser- 
vice or delivery vans. 

Parking Dimensions: 

Figure 210-24 illustrates basic parking lot 
dimensions required of perpendicular and 
angled parking. Cars parked perpendicular 
to the travel aisle yields the most efficient 
number of cars per ha (acre) since it 
requires less space. The least efficient park- 
ing results from 30° angle layouts, which 
are typically used only when their is insuffi- 
cient lateral dimension for other options. 
The accompanying table Indicates the 
dimensional relationship between stall 
width and back-up aisle width. As the stall 
width narrows, the aisle width must widen 
to compensate. Typical stall dimensions for 
standard 90° parking are 2 740 x 5 485 mm 
(9 x 18 ft) and are commonly used in a 



minimum 18 290 mm (60') curb to curb 
parking module. 

Figure 210-25 a illustrates a typical dou- 
ble loaded single aisle pull-through parking 
lot commonly found in recreation pull-off 
parking areas. Such lots are a safer alterna- 
tive to road shoulder parking, and afford an 
opportunity to screen the parking with land 
form and plantings. As indicated in the 
drawing, plants and signs must be set-back 
15 000 mm (50 ft) at entrances and exits to 
avoid obscuring driver vision. A 9 000 mm 
(30 ft) buffer between the road and park- 
ing lot edge is desirable, but should be at 
least 4 800 mm (16 ft) wide to provide 
room for screen planting or fencing. 
Parking lot length should be determined by 
stall width plus handicap parking 
allowances. Additional parking may be 
added to outer edges as shown, but will 
result in fewer planting options. Figures 
210-25 b, and c illustrate other variations 
of single aisle parking, but example "c" is 
the least desirable due to poor circulation 



STRUCTURE OR PLANTING EDGf - 




WNDf-ORM 
OK PLANTS 



Figure 210-15. Recommended overhang clearance for vehicular parking lots. A generous standard of 7 500 mm (5 ft) will 
accommodate back-in maneuvers and will protect trees, and structures. Cold climates may require more space to accommodate snow 
removal. 
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ZOTOmm (&-6 m ) MINIMUM 
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Figure 210-16. Common slope and vehicular ramp clearance data. 
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Figure 210-17. Interior (R1) and 
Exterior (R) turning radius location, 
with typical door swing values (Refer 
to table in Figure 210-14). 
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Figure 210-18. Dimensions and turning radii for arrival and drop-off facility. 
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Figure 210-19. Cul-de-sac dimensions and forms. 



POO, 4 2PO MINIMUM 



I 




I 





to 

"S 

en 



2 

Cl 
t/i 

o 



X 


2 700 mm 


3 050 mm 


3 350 mm 


3 660 mm 




(9') 


MOM 


(11') 


(12') 


Y 


7 500 mm 


7 200 mm 


6 900 mm 


6 600 mm 




(25) 


(24') 


(23 1 ) 


(22') 



'-*-> Figure 210-20. Turnaround at garage with parallel approach to door and adequate space to maneuver. 
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2 435 ■ 3 050 




V) 

"S 

U1 



res 
O 





Stall Width 
a 


Stall Depth 

b 


Aisle Width 
c 


Skew Width 
d 


90° 


2 440 (e*-o") 
2 590 (0*-6") 

2 740 (9--0") 


5 405 (10*"O") 
5 405 (10'-O") 
5 405 (!8'-0-) 


530 ■ 9 750 (20' to 32 ) 
7 620 - 040 (25' to 29') 
7 010 ■ 230 (23'to 27) 




60° 


2 440 (0--Q") 
2 630 (0'-6") 
2 740 (9'-0") 


5 970 (19--7-) 
5 405 (tO'-O") 
5 100 (17-0-) 


S 790 (19'-0") 
5 405 (l&'-O") 
5 100 [17--0-) 


2 020 (9'-3-) 
2 995 (9MO") 
3175 (10'-5-) 


45° 


2 440 (0'-O") 
2 590 (0'-6-) 
2 740 (9'-0") 


5 610 (10' -5") 
5 690 (10'-0") 
5 015 (19M") 


3 660 [12'-0") 
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3 350 (ll'-O") 
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3 660 (12'-0") 
3 60S (12'-9") 


30° 


2 440 (ft'-O") 

2 590 (e'-e-) 

2 740 (9'-0") 


4 050 05"-t1~) 
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3 350 (ir-0") 
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2 740 [9'-0") 


4 075 (16'-0-) 
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0° 


2 440 [0'-O") 
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2 740 (9'-0") 
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6 700 (22'-0") 

7 010 , 23'- 1 )") 


3 350 (11'-0") 
3 505 (11'-6*) 
3 660 (12'-0") 





Figure 210-24. Parking lot dimensions for various Stall widths and angles. (Adaptation courtesy of Vollmer Associates). 
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Table 210-1. AREA SPACE STANDARDS AND PARKING RATIOS FOR 
OUTDOOR SPORT FACILITIES 



population) 



Table 2 10- la. PARKING RATIOS FOR 
OUTDOOR SPORTS FACILITIES 



Suggested 
parking for i 



Multicourt Minimum 1 - 1/2.000-light 25-50% 

Handball Minimum 1 * 1/5,000- 10„000 

1/10..000 

Volleyball 1/2.000 to 1/3-4,000 

Shuffleboard Minimum 1-2 + 1 /2,000-light 25% 

Basketball 1 goal/500 

1 goal/l ,000 ♦ one full court 

1 acre/5,000 persons 

Croquet 1/2.000-light 25% 

Horsehoe Minimum 2 + 1 /2,000-light 25-50% 

Softball Minimum 1 + 1/3,000-light 50% 

Little league 1/10„000 

Minimum 1 + 1/4.000-light 25% 

Baseball 1/3,000 

Minimum 1 1/6.000-light 50% 

1/30..000 

1/6,000 

Football soccer Minimum 1 -r 1/5-15,000 

Minimum 1 + 1/8,000 for football 

2 acres/1000 
1/80,000 

Tennis Minimum 1 f 1 /2,000-light 50-76% 

1/1,0000 
1/2,000 

1500 S F /player 
1 acre/5.000 

Athletic field Approximate 20 acres 

1/5,0000-lighted 
accommodate 200 people/acre 





Archery 


i /largei 


1 ,5 mile maximum radius 


Badminton 


2/court 




Baseball 


1 5+/diamond-player 


communities 10 000+ 


Baseball 


20/diamond-spectator 


communities over 500 


Bowling, lawn 


2 /green lane 


communities under 3,000 


Croquet 


2/court 


communities over 3,000 


Golf 


8/green 




Golf 


1 /practice tee 




Football, touch 


10/fiekJ 


community over 500 




community over 1 ,000 


Horseshoes 


1 /court 




Trap shooting 


2/range 




Shuffleboard 


2/court 




Softball 


15/diamond 


community over 1500 






Tennis, deck 


2/court 


community 1 mile maximum radius 


Tennis, lawn 


2/court 




Volleyball 


6/court 



community 0.67 miles radius 



1 -2 miles or 20 minutes 
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4 BOP (16') MINI. PLANT SETBACK 
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Figure 210-25 a. Double loaded single aisle pull-through parking lot. 
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Figure 210-25 b. Single loaded aisle pull-through parking lot with small plant 
buffer. 
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Figure 210-25 c. Double loaded single aisle dead-end parking lot. Not rec- 
ommended for high turnover lots. Use only in utilitarian applications. 
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when full and should be used only for util- 
itarian parking. Street entrance radius is 
typically 4 500-6 000 mm (15-20 ft). Small 
curb radius at parking stalls is typically 
1 000-1 500 mm (3-5 ft). 

Figures 210-26 a, b, c, d, and e, illustrate 
various adaptations of 90° parking patterns 
and show the advantages of adding planti- 
ngs, drop-off zones, and screening Figure 
210-26 a. yields a parking rate of 62 
cars/ha (152 cars/ac) but results in a barren 
unwelcoming environment lacking in 
pedestrian amenities. Figure 210-26 b. 
adds planting islands at parking row ends, 
providing greater turning clearances and 
planting opportunities. Figure 210-26 c. 
yields 45 cars/ ha (112 cars/ac) and is com- 
monly used as a method for organizing 
drainage, pedestrian circulation, lighting, 
and planting in large lots. Planting islands 
should be as wide as possible [6 000-9 000 
mm (20-30 ft)] to allow for maximum tree 
root space and for winter snow clearing 
where required. Figure 210-26 d is often 
used in informal settings to capture existing 
plants or earth features such as rock out- 
crops or landforms. and also to emphasize 
smaller parking units (The inset shows an 
alternative configuration). Figure 210-26 e. 
yields 59 cars/ha (145 cars/ac), has a high 
potential for "capturing" existing trees in 
random patterns throughout a large park- 
ing lot, and may facilitate snow clearing by 
allowing more lateral plowing movements 
than linear curbing systems. 

Trucks and Transport: 

Site design requiring access and loading of 
freight and mass transit vehicles must pro- 
vide safe and efficient operating space, 
using the least amount of paving surface 
allowable to diminish runoff volumes. 
Accurate data regarding vehicle sizes, turn- 
ing radii, and maneuvering patterns is 
essential to accomplish these two objec- 
tives. 

Figures 210-27 through 29 illustrate 
dimensional requirements for open and 
closed freight loading docks with emphasis 
on vehicle sizes and turning radii. 
Maximum heights, widths, and lengths 
vary by local and state authority. 
Conventional semitrailers average 16 760 
mm (55 ft) in length, 4 1 1 5 mm (1 3 ft 6 in) 
in height, and 2 435 mm (8 ft) in width. 
Maximum height is 4 420 mm (14 ft 6 In). 
This data is important for the design of 
bridge and service access ramp clearances. 
The average loading floor height at the 
loading dock is 1 270 mm (4 ft 2 in). 



Table 210-2. AREA REQUIREMENTS FOR PLAYGROUNDS 
AND SPORTS AREAS 



Tyr^ equipment 




Capacity in 
numbers of 


Suggested number 
to be included 


Apparatus 


Slide 


42 (450) 


6 


1" 


Horizontal bars 


17(180) 


4 


3" 


Horizontal ladders 


35 (375) 


S 


2" 


Traveling rings 


58 (625) 


6 


1 


Giant stride 


114 11.225) 


6 


1 


Small |ungtegym 


17(180) 


10 


1 


Low swing 


14 (150) 


1 


4- 


High swing 


23 (250) 


1 


6' 


Balance beam 


9 (100) 


4 


1 


See -saw 


9(100) 


2 


4 


Medium junglegym 


46(500) 


20 


1 


Miscellaneous equipment and areas 


Open space for games 
(ages 6-10) 


929 (10.000) 


80 


V 


Wading pool 


279 (3,000) 


40 


r 


Handcraft, quiet games 


149(1,600) 


30 


r 


Outdoor theater 


186 (2.000) 


30 


1 


Sand box 


28 (300) 


15 


2 


Shelter house 


232 (2.500) 


30 


1' 


Special sports areas 


Soccer field 


3344 (36.000) 


22 


1 


Playground baseball 


1858 (20,000) 


20 


2 


Volleyball court 


260 (2,800) 


20 


1 


Basketball court 


348 (3,750) 


16 


1 


Jumping pits 


111 <1,2O0) 


12 


1 


Paddle tennis courts 


167 (1,800) 


4 


2 1 


Handball courts 


98(1,050) 


4 


2 


Tethei tennis courts 


37(400) 


2 


r 


Horseshoe courts 


56(600} 


4 


2 


Tennis courts 


669 (7.200) 


4 


2' 


Straightaway track 


669 (7,200) 


10 


1' 


Landscaping 


557 (6,000) 






Paths, circulation, etc 


650 (7,000) 







• Minimum desirable 

• ■ One or all of IN** unib may be omitted if playground k not used In conjunction with a ichool 
' A/lay be omrtled it uDitary facilities are supplied eisewhrie 

' May be omitted if spacr if limited 

Source from Architectural Syitetm Community Planning 
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Figure 210-26 a. Double loaded multiple aisle parking. Figure 210-26 b. Variation of (a.) adding drop-off and 
Using all perimeters for parking, this scheme yields the end planting islands, 
highest number of stalls per ha (ac), but results in a harsh 




Figure 210-26 c. Separation of parking bays by planting Figure 210-26 d. Skewed bays allows existing plants to 
Q strips. Planting strip widths must allow for root growth and snow be captured through proper grading and adds to reduc- 
_ in cold zones. Hon of contiguous pavement expanses. 
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Figure 210-27. Closed and open freight loading dock dimensions. 
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Vehicle Height 


Maximum Allowable 


Total Height 


5tate 


4 115 mm (13' -6") 


In all Mates «xcept those 
listed below 


3 960 mm (13'-0") 


FL 


4 265 mm (14'-0") 


CA. ID. ME. NV. ND, OR. UT. 
WA. WY 


4 420 mm (14' -6" ) 


CO. NB 



"O 

c 

in 

t 
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Average Semitrailer Dimensions 




Length (L) 


& 230 mm (27-0") 


12 190 mm (40' -0") 


13 715 mm (46'-0") 


Refrigerator 
12190 mm (40'-0") 


Floor Height (FH) 


1 270 mm (4 , -2") 


1 270 mm (4'-SH 


1 270 mm (4'-2") 


1 +50 mm (4'-9") 


Rear Axle (RA) 


915 mm (3'-0") 


1 575 mm (5'-2") 


1 760 mm (5'-l!T, 


1 345 mm (4'-5") 


Landing Gear (U3) 


5790 nun (iy--,ri 


9 145 mm (30' -0") 


10 515 mm (34'-6-) 


8 965 mm (29'-5") 
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Average Dimensions of Vehicles 




Type of Vehicles 


Double Semitrailer 


Conventional Semitrailer 


Straight Body Truck 


Length (L) 


21 335 mm (70'-O") 


16 765 mm (55-0*) 


5 180 mm to 12 190 mm 
(1T-0" to 40--0") 


Width (W) 


2 440 mm (8'-D") 


2 44-0 mm (B'-0") 


2 440 mm (B'-O") 


Height (H) 


4115 mm {13' -6") 


4 115 mm (13'-6") 


4 115 mm (13'-G") 


Floor Height (FH) 


1 220 mm to 1 370 mm 
(4'-0" to 4'-6") 


1 220 mm to 1 320 mm 
(4-0" to 4'-4") 


915 mm to 1 220 mm 
(3'-0" to 4'-0") 


Track (T) 


1 960 mm (6'-6") 


1 980 mm 


t 760 mm (5' -10") 


Rear Axle (RA) 


915 mm to 1 220 mm 
(3--0- to4'-0") 


1 J;jfJ mm L.o 660 mm 
(4--0" to IZ'-O") 


665 mm to 3 660 mm 
(2'-3" to 12*-0") 


Large Vehicle Dimensions 





w 


(W) 


(H> 


(OR) 


Vehicle 


Length 


Width 


Height 


Overhang Rear 


Intercity Bus 


13 715 (45 , -0") 


2 745 (9'-0") 


2 745 (ff-O"} 


3 075 (lO'-r) 


City Bus 


12 190 (40'-0") 


2 590 (B-6") 


2 590 (8'-6") 


2 440 (8-0") 


School Bus 


12 040 (39'-6") 


2 440 (B'-O") 


2 590 (B'-6-) 


3 860 (IZ'-e") 


Ambulance 


6 355 {20"-10.25") 


2 110 (6--11-) 


3 050 (tO'-O") 


1 625 (5'-4"} 


Paramedic Van 


6 555 (2r-6") 


2 440 (8-0") 


1 980 (6'-6") 


1 220 (4'-0") 


Hearse 


5 995 (19'-6") 


2 030 (6'-6") 


2 820 (9'-3") 


1 625 (5'-4") 


Airport Limousine 


6 850 (22 -5.75-) 


1 930 (6*-4-) 


1 525 (5'-0") 


1 195 (3M1-) 


Trash Truck 


6 565 (26*-2") 


2 440 (8'-0"} 


3 355 (11'-0") 


1 830 (6'-0") 


Pel i very Truck 


6 000 [Z&-3-) 


2 415 (T-11") 


3 250 (10'-8"} 


2 565 (8-5") 


Fire Truck 


$ 755 (32-0") 


2 440 (B'-O") 


2 945 (S'-e") 


3 050 (10--0") 



* Exact hizes of large vehicles may vary 
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Miscellaneous Trucks 





Item 


Maximum 
Length 


Maximum 
Width 


Maximum 
Height 


Maximum 
Turning 
Radius 




Collection Truck 


7950 


2 590 
(8"-6") 


3 225 
(W-T) 


10 365 
(34'-0") 




Bulk Collection 
uck 


ft 435 
(2T-& - ) 


2 590 
{»•-€") 


2 745 
(9'-0") 


10 366 
(34'HT) 




Detachable 
Container and 
Hauling Unit 


9 095 
(29 - -10") 


, ; . 440 
(8--0") 


3 990 
(13--1-) 


8 840 
(29'-0") 




Concrete Mixer 


9 145 
(30'-0") 


2 590 
(8-6") 


3 200 
(10-6") 


10 365 
(34'-0") 



Figure 210-30. Maintenance and 
specialized vehicle dimensions. 



1 005 - 1 055 
| (39.5" to 41.5") 
L Average 




Tree Spade Table 



o 



Specification 


Model 55 


Model 65 


Model 80 


Model 90 


'Nominal tree trunk 


125-150 


150-180 


1 05-255 


255-305 


diameter 


(5" to 6') 


(6" to 7") 


(8"to 10") 


(10 - to 12") 


WIeght of Transplant 


18 740 


22 045 


:fi 


34 835 




(5.500 lbs.) 


{\Q.000 lbs.) 


(13,000 lbs.) 


(15,800 lbs.) 


"Height dosed for 


3 605 


3 710 


4 075 


4 115 


transporting (approx.) (A) 


(1V-10-) 


(12'-2") 


(13*-4.5") 


(13*-6") 


Width closed for 


£430 


2 430 


2 585 


2 585 


transporting 


(7-11.75") 


(T-11.75") 




(>v-tV/5-) 


Root ball width (approx.) 


1 395 


1650 


2 030 


2 2Sb 


(hydraulically adjustable) 


(55") 


(65") 


(80-) 


(90-) 


Root ball depth 


1 220 


1 545 


1 370 


1525 


(hydraullcally adjustable) 


(48") 


(53") 


(54") 


(60") 


Root ball weight (approx.) 


7 715 


10 470 


18 740 


24 250 


(3500 lbs.) 


4.750 lbs. 


[B.&O0 lbs.) 


[11,000 lbs.) 



*" Dependent upon truck chassis frame height. 
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Figure 210-31. Range of sailboat types typically encountered in coastal and large lake regions. 



Figure 210-30 illustrates various mainte- 
nance and other specialized vehicle sizes 
and spatial requirements. This data is 
important to anticipate space needs of 
maintenance and site construction opera- 
tions. 

Boats and Docks: 

Marina development and dock facilities 
may accommodate boats from 4 265 mm 
(14 ft) to 24 380 mm (SO ft). Figure 210-31 
illustrates the range of sailboat types typi- 
cally encountered in coastal and large lake 
settings. Figure 210-32 illustrates the com- 
ponents and dimensions of slips and cat- 
walks as indicated by the data table. Figure 
210-33 illustrates a typical boat launching 
ramp and indicates basic design criteria. 



need to be increased by 25 to 50% to 
reflect local conditions. Such standards are 
subject to great regional variation. 
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3.0 COMMUNITY PLANNING 
DATA 



The area standards shown in Tables 210-1 
through 210-4 are derived from selected 
existing communities in North America. 
They providide "general standards" which 
may serve as a basis of comparison for 
planning purposes. For very active commu- 
nities and user groups, these standards may 
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Figure 210-32. Boat slips and cat- 
walk dimensions. (Refer to table). 



TABLE OF DIMEN5I0N5 FOR SLIPS AND CATWALKS TO BE USED WITH FLAN DIAGRAM 



S 

c 

CO 

t 

O 
fM 



,>:.t:oi- 

GROUP 
FOR BOAT 


BEAM TO BE 
PROVIDED 
FOR 


WIN 

WIDTH OF 
SLIP 


GROSS 
SLIP WIDTH 
TYPE A 


GROSS SLIP 
WIDTH TYPE 
B 


GROSS SLIP* 
WIDTH TYPE 

c 


1ST CATWALK 
SPAN LENGTH 


2ND CATWAU 
SPAN LENGTH 
E 


3RD CATWALK 
5PAN 
LENGTH F 


DISTANCE TO 
ANCHORAGE 
PILE 


Up to If 


2 005 mm 
(6*-7") 


2 690 mm 
(S'-10") 


3 275 mm 
(10'-9") 


3 200 mm 
(10-6") 


3 405 mm 
(11--2-) 


3 660 mm 

[12'-0") 






5 180 mm 
(17-0") 


Over 
14' to 16* 


2 235 mm 
tr-4") 


2 945 mm 

(9'-e-) 


3 530 mm 

[HVP) 


3 455 mm 
(1V-4-) 


3 660 mm 
(12'-0") 


3 660 mm 
(12'-0") 






5 790 mm 
(19'0") 


Ovffr 
■('-. t, IB 


2 440 mm 
(«'-'''" J 


3 175 mm 
(IO'-5-J 


3 760 mm 


3 6&5 mm 

(i2'-n 


3 885 mm 

(t; 9") 


4 265 mm 
(14-0-) 






6 400 mm 
(21*0-) 


Over 
18' to 20' 


2 615 mm 
(ft*-T) 


3 380 mm 
(IT I") 


3 960 mm 

(13-0-) 


3 885 mm 
(1Z--9") 


4 090 mm 
(13' 5") 


2 440 mm 
(B'-O") 


2 440 mm 

(B'-O"} 




7 010 mm 
(23-0") 


Over 
20' to 22' 


2 820 mm 
(9'-3*) 


3 580 mm 
(tl ■■!>■■; 


4 165 mm 
(13' 8") 


4 090 mm 
(13' 5") 


4 295 mm 

(if n 


3 050 mm 
(lO'-O") 


2 440 mm 
(8'-0-) 




7 620 mm 
(25'-0") 


Over 
22* to 25' 


3 125 mm 
(lO'-S") 


3 990 mm 

()3'-r) 


4 570 mm 
(15' 0") 


4 495 mm 
(14-9") 


4 701 ' mm 

(15'-6") 


3 060 mm 
(lO'-o-) 


2 440 mm 
(8--0-) 




& 53S mm 

(ze*-o-) 


Owir 
25' to 30' 


3 430 mm 
(1T-3") 


4 345 mm 

(14-3-) 


4 930 mm 
(1S--2-) 


4 850 mm 

(15'-1D 


5 055 mm 
(16'-7") 


3 060 mm 
(1C-0-) 


3 050 mm 

(to'-o-) 




10 060 mm 
(33'-0") 


0»r 
30' to 35" 


3 735 mm 
(12'-3") 


4 775 mm 
(16' -8') 


5 360 mm 
{17-7") 


5 265 mm 
(17--4") 


5 485 mm 

(l&'-01 


3 660 mm 
(12'-0-) 


3 050 mm 
(ID' 0") 




11 580 mm 
[3B'-0") 


Over 
35' to 40' 


4 04O mm 
(13'-3-) 


5 155 mm 
(16-11") 


5 740 mm 
(18"-I0") 


5 665 mm 
(ia'-7") 


5 865 mm 

{19'-3") 


3 660 mm 


3 660 mm 
(12'-0 H ) 




13 tOSmm 
(43'0") 


O^r 










(l4'-0") 


3 660 mm 
(12'-0") 




14 630 mm 

(48'-0") 


Over 
45' to 50' 


4 545 mm 
(14-lf) 


5 79D mm 

(ie'-o") 


t . 376 mm 
(20'- II") 


6 300 mm 
(20' -B") 


6 500 mm 
{21*-4") 


2 746 mm 
(9'-0") 


2 745 mm 
(9'-0") 


3 050 mm 
(10'-0-) 


16 155 mm 
(53'-0") 


Over 
50' to 
60' 


5 030 mm 
(16'-6") 


6 400 mm 

(2T-0-) 


965 mm 
(Z2M1") 


6 910 mm 
(22'- 8") 


7 110 mm 
(23'-4 - ) 


3 366 mm 

(1V-0") 


3 355 mm 

(1V-0-) 


3 660 mm 
(12*-0") 


19 200 mm 
(63'-0~) 


Ov,:r 
60' to 70* 


5 510 mm 
(1S-.1-) 


7 010 (23'- 
0-) 


8 130 mm 
(26*-8") 


7 520 mm 
(24'-d") 


7 720 mm 
(25'-4") 


3 355 mm 
(1T-0-) 


3 355 mm 

(ir-ff*) 


3 660 mm 
(12'-0") 


22 250 mm 
(73'-0") 


flv<tr 
70' to 80' 


6 020 mm 
(19'-9") 


7 595 mm 
(24'-ir) 


8 710 mm 

(2B'-7") 


B 105 mm 
(26'-7") 


8 000 mm 
(26'-3") 


3 355 mm 

<1,'-0") 


3 355 mm 
(1l'-0") 


3 660 mm 

(12*-0") 


25 300 mm 
(B3--0-) 
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Table 210-3. LAND AREA REQUIREMENTS FOR COMMUNITY FACILITIES 



Type of 
development 


1 

1CO0 

persons 

275 

families 


2000 

persons 

550 

families 


3000 

persons 

825 

families 


4000 
persons 
1100 
families 


5000 
persons 
1375 
families 


One or Two-family Developments 


Area in component uses 


Acres in school site 


1 2D 


1.20 


1.50 


180 


2.20 


Acres in playground 


2 75 


3.25 


4.00 


5.00 


6.00 


Acres in park 


1,50 


2.00 


2.50 


3,00 


3.50 


Acres in shopping center 


0» 


1.20 


2.20 


2.60 


3.00 


Acres in general 
community facilities 


0.38 


76 


1.20 


1 50 


190 


Aggregate area 


Acres: total 


6.63 


841 


11.40 


13.90 


16.60 


Acres per 1000 persons 


6.63 


4 20 


3.80 


3.47 


3 32 


Square feet per family 


1050 


670 


600 


550 


530 




Area in component uses 


Acres in school site 


1.20 


1 20 


1.50 


1 80 


2.20 


Acres in playground 


2 75 


3 25 


400 


5.00 


6 00 


Acres in park 


2.00 


3.00 


4.00 


5.00 


6.00 


Acres in shopping center 


0.80 


1,20 


2.20 


2.60 


3.00 


Acres in general 
community facilities' 


0.38 


0.76 


1 20 


1.50 


1 90 


Aggregate area 


Acres; total 


713 


9.41 


12.90 


15.90 


19.10 


Acres per 1000 persons 


713 


4.70 


430 


357 


3.82 


Square feet per family 


1130 


745 


680 


630 


610 



Note This labJe combines the wcommr ndttJ of assumed value* 

! Wilh private lot area of tew than 00 tfcrr per family {tor private lots of acre or mo*e parV area may tie omitted). 

* Allowance for indoor social and culti.dd facilities (church, assembly hail, etc ) or separate health center, nursery school, rtt 

"Or other development predominantly .vithour. private yards 

Source' Adapted from Architectural Syiferns (Tommunity Planning 



ftONTROL JOINTS AT 3 600 mm [\Z] O-C. 
EXPANSION JOINTS AT 7 600 mm (25 ) O.C 




O 

Figure 210-33. Boat launching ramp design criteria. 

fN 
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Table 210-4. PARKING SPACES REQUIRED FOR VARIOUS LAND USES 



Use of trie and/or 



Minimum i 



ber of parking spates 



t/l 
i- 



*J Industrial manufacturing 



Churches 



-*-> 
CO 

1 

CL 
LTV 

o 

IN 



Residential 



Single family homes 
Multitamily 
Efficiency 

One and two bedrooms 
Three and more apartments 
Dormitories, soronties. fraternities 
Hotels and motels 

Commercial 



Offices and banks 

Business and professional services 

Commercial recreational facilities 

Bowling alleys 

Regional shopping centers 

Community shopping centers 

Neighborhood centers 

Restaurants 

Educational 



Elementary and junior high schools 
High schools and colleges 

Medical 



Medical and dental offices 
Hospitals 

Convalescent & nursing homes 
Public Building 



Audtlonums. theaters, stadiums 
Museums and libraries 
Public utilities and offices 

Recreation 



Beaches 

Swimming pools 
Athletic fields and courts 
Golf courses 

Industrial 



Churches 



2.0/dwelling unit 

1.0/dwelling unit 
1.5/dwelling unit 
2.0/dwelling unit 
0.5/units 
1.0/dwelling unit 



3.0/1000 s.f. OFA 
3.3/1000 s.f. CFA 
8.0/1000 s.f. CFA 
4.0/alley 

4.5/1000 S.f. OFA 
5.0/1000 s.f CFA 
6.0/1000 s.f. GFH 
03/seat 



1.0/teacher and staff 
1.0/2-5 students 



1 0/200 sf. CFA 
1 .0/2-3 bed 
1 .0/3 bed 



1.0/4 seats 
1.0/300 S.f. CFA 
1 ,0/two employees 



1 .0/100 s.f. 
1 0/30 s.f. 
1.0/3000 s f 
1 0/aere 



1.0/2-5 employees 



1 0/4 seats 



* The data was derived from existing conditions m North America Special conditions including local codes and requirements 
may be quite different and should be used where appropriate 5tudy of comparable types of land uses nearby or in othei 
similar situations K recommended Access to and from the site/building via public transportation will affect significantly the 
number ol parting spaces needed lor most types of uses 
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Figure 220-23. General steady state earth temperatures for the United 
States (Fahrenheit). 



may be used to estimate heating and cool- 
ing loads for preliminary planning and 
design. 
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INTRODUCTION 



This section focuses on site-planning 
strategies and techniques for energy 
and resource conservation with 
regard to both site and building design to 
achieve greater human comfort and opera- 
tional efficiencies. Sound site planning and 
design is prescriptive and strategic. It charts 
appropriate patterns of use for a site while 
incorporating construction methods that 
minimize site disruption and the expendi- 
ture of financial and building resources. 



2.0 SITE ANALYSIS AND 
ASSESSMENT 



The process of calculating the degree of 
resource use and the degree of disturbance 
of existing natural systems required to sup- 
port a development begins with site selec- 
tion. The most environmentally sound 
development is one that disturbs as little of 
the existing site as possible. Building pro- 
jects also require connections to mass tran- 
sit, vehicular infrastructure, and utility and 
telecommunication networks. Sound site 
planning and design should consider siting 
a building to take advantage of existing 
service networks. 

The use, scale, and structural systems of 
a building affect its particular site require- 
ments and associated environmental 
impacts. Building characteristics, orienta- 
tion, and placement should be considered 
in relation to the site so that proper 
drainage systems, circulation patterns, 
landscape design, and other site-develop- 
ment features can be determined. 

Site data on climate, topography, soils, 
water, vegetation, and other factors should 
be collected and analyzed to assess a site's 
compatibility with the proposed program 
from an energy and resource conservation 
perspective. In addition to traditional site 
planning information, the following data is 
typically collected and analyzed for the site: 

Specific characteristics of climate zones: 

Different climates have specific tempera- 
ture and precipitation characteristics that 
suggest particular siting and building prac- 
tices. Figure 220-1 shows the U.S. divided 
into four general climate zones (hot -humid, 
hot-arid, temperate, and cold). Plant har- 
diness maps provide a more refined 
description of microclimates with general 
regions (refer to section 550: Plants and 
Planting). 

Geographical latitude (solar altitude) 
and solar access: Exposure to solar radia- 
tion determines orientation of buildings for 




maximum use of passive solar resources for 
heating, daylighting, and photovoltaics. 

Wind Patterns: Air-movement, both 
annual and diurnal, particularly influence 
siting of multiple structures, to avoid 
damming of cold moisture-laden air, or 
blocking favorable cooling breezes during 
periods of overheating. Properly measured 
wind loads and pressure differentials are 
essential for designing interior air-handling 
systems or use of passive solar cooling 
strategies. 

Topography: Site topography and adja- 
cent landforms influence building propor- 
tions, wind patterns, drainage strategies, 
and key gravity-fed sewer-line corridors. 

Soil Characteristics: Soil texture and 
load-bearing capacity determine building 
location and the type of footing required 
for stability. Site-grading processes are also 



dictated by the soil's potential for erosion. 
These factors influence the overall energy 
and resource consumption for design and 
construction. 

Groundwater and surface runoff charac- 
teristics: Site drainage determines building 
locations as well as natural channels for 
diverting storm runoff and locations of 
runoff detention ponds Use of the existing 
drainage system minimizes need for addi- 
tional infrastructure. 

Vegetation: Existing vegetation should 
be inventoried to identify significant plant 
communities. This may influence building 
location, surface runoff characteristics, and 
solar access to the site. 

Adjacent land uses: Neighboring devel- 
opments and proposed future develop- 
ments may influence site design or pro- 
posed uses, Neighboring uses should pro- 



The process of calculating the degree of resource use and the degree of disturbance of 
existing natural systems required to support a development begins with site selection. 

1. The most environmentally sound development is one that disturbs as little of the 
existing site as possible. Adaptive re-use of existing buildings, or redevelopment of 
disturbed sites requires minimal disruption of natural systems and should be encour- 
aged. 

2. The best way to minimize transportation needs for a proposed development is to a) 
select a site which is located within or adjacent to residential, shopping, and/or work 
opportunities; or b) provide a mix of uses on-site to meet the needs of residents 
and/or employees. 

3 Sites located within or adjacent to existing development allow for the most efficient 
and cost effective extension of utilities. 
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vide support services that compliment the 
proposed development in order to mini- 
mize transportation needs of residents 
and/or employees. 

Circulation: Existing traffic and parking 
patterns in areas which are adjacent to or 
near the site may need consideration in 
relation to proposed building design and 
site circulation patterns, in order to mini- 
mize transportation infrastructure. 

Utility Infrastructure: Potential sites 
should be analyzed for existing utility infra- 
structure and capacity. There may be insuf- 
ficient existing infrastructure for the pro- 
posed project. The cost for required addi- 
tional capacity and associated disruption to 
the surrounding area could make the pro- 
ject unfeasible. 



3.0 SITE DEVELOPMENT AND 
LAYOUT 



After a thorough analysis and assessment, 
ideal diagrammatic concepts are prepared 
with the objective of organizing all pro- 
posed built elements to achieve an effective 
fit between the site and the proposed 
development. The main goal of the con- 
cepts should be to minimize energy and 
resource consumption during construction 
and after occupation. It should be noted 
that during reclamation of disturbed sites, 
initial expenditures may be higher than 
normal and should be balanced by ongoing 
landscape management strategies (refer to 
Section 640 Disturbed Landscapes for fur- 
ther information on land reclamation). 

The following steps serve to guide the ini- 
tial conceptual design process: 

1 . Develop general area takeoff and 
overall building footprint to measure 
total site coverage of impermeable 
surfaces and determine run-off pollu- 
tion potential (e.g greater than 20 
percent impermeable coverage of 
gross site area typically requires miti- 
gation to clean stormwater before it 
enters drainage system). The site plan 
should also be analyzed to ensure an 
efficient layout with regard to 
required road, utility, and service 
access. 

2 Identify alternative site design con- 
cepts to minimize resource costs and 
disruption Develop several alterna- 
tives that explore grading and vegeta- 
tion-removal consequences, as well as 
resulting infrastructure costs. 

3. Identify topographic and hydrological 
impacts of proposed design and 



building use Measure cut-and-fill 
potential and assess potential for ero- 
sion, siltation, and groundwater pol- 
lution (refer to Section 320: Site 
Grading and Section 330 Stormwater 
Management for further informa- 
tion). 

4. Review financial implications of site 
development, building, and projected 
maintenance costs. Total cost of the 
project must include ongoing costs 
associated with the site design, devel- 
opment, and operations, as well as 
hidden energy costs associated with 
specific materiaJs. 

5. Develop matrix of use and site com- 
patibility index. Each site may be 
assessed to reveal its development 
compatibility index with regard to a 
specific type of development. This 
index may reveal a pattern of incom- 
patibilities, suggesting a different site 
be chosen or appropriate mitigation 
measures be undertaken. 

Site development must consider the 
requirements of infrastructure, the proposed 
building, and the site. Strategies for each can 
inform site development and layout 

3.1 Infrastructure 

Transportation: 

The best way to minimize transportation 
needs is to a) select a site which is located 
within or adjacent to residential, shopping, 
and/or work opportunities; or b) provide a 
mix of uses on-site to meet the needs of 
residents and/or employees. If neither of 
these strategies are feasible, the following 
practices should be considered: 

Use existing vehicular transportation 
networks: This practice minimizes the need 
for new infrastructure, and reduces imper- 
vious surface, parking requirements, and 
related costs. 

Support use of alternative transportation: 

Where possible, mass-transit infrastructure 
and shuttle buses should be used. Carpooling 
strategies should be encouraged in addition 
to mass-transit use To foster the use of bicy- 
cles, showers and lockers should be consid- 
ered at place of employment. All of these 
transportation methods reduce parking and 
transportation costs for residents and/or 
employees. 

Consider increased use of telecommuting 
strategies: Telecommuting and teleconfer- 
encing can reduce commute time and num- 
ber of vehicular trips to and from the site. 
Plan for adequate telecommunications infra- 



structure and access in commercial and resi- 
dential design. 

Consolidate service, pedestrian, and 
automobile circulation: To minimize pave- 
ment costs, improve efficiency, and central- 
ize runoff, the pattern of roads, walkways, 
and parking should be compact. This not 
only is a less expensive way to build, it also 
helps to reduce the amount of impervious 
surface. 

Utilities: 

Sites located within or adjacent to existing 
development allow for the most efficient and 
cost effective extension of utilities. The fol- 
lowing energy and resource-conserving prac- 
tices should also be considered: 

Minimize road length, building foot- 
print, and the actual ground area required 
for Intended improvements: Such planning 
decreases the length of utility connections. 
Consult local codes regarding separation 
requirements for water, sewer, electrical, 
and gas lines. 

Use gravity sewer systems wherever 
possible: Avoid pumped sewer systems 
that require ongoing power consumption. 

Reuse chemical -waste tanks and lines: 

Existing chemical-waste tanks and lines 
should be inspected, protected, and reused 
to avoid creation of additional hazardous- 
materials problems. 

Consolidate utility corridors when feasi- 
ble: Where possible, common site utility cor- 
ridors should be consolidated along previous- 
ly disturbed areas or along new road or walk 
construction, both to minimize unnecessary 
clearing and trenching and to ensure ease 
of access for regular maintenance. 

3.2 Building and Site Requirements 

Land Features: 

Previously disturbed sites such as unused 
urban lots and commercial sites may 
already be affecting the environmental 
quality of neighboring properties, the 
watersheds, and other features. Adaptive 
re-use of existing buildings, or redevelop- 
ment of disturbed sites requires minimal 
disruption of natural systems and should be 
encouraged. Furthermore, redevelopment 
is likely to improve the immediate commu- 
nity, potentially create jobs, and increase 
land values that have been affected by the 
abandoned or blighted property. 

Stream channels, flood plains, wetlands, 
steep erodible slopes, and mature vegeta- 
tion should be protected from develop- 
ment. To avoid high site- preparation costs, 
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and to preserve important visual and eco- 
logical features, development activity 
should be configured to occupy those 
spaces between critical resources. 

Building Orientation: 

Climatic conditions, particularly solar 
access, should guide the placement of 
building and site features in energy-con- 
serving design. The following practices 
should be considered: 

1. Plan site clearing and planting to take 
advantage of solar access. Solar orien- 
tation, cloud cover, and topography are 
interrelated. A site's latitude determines 
the sun's altitude and associated 
azimuth for any given time of day, each 
day of the year. Site-clearing and plant- 
ing strategies may be used to maximize 
solar access to the building or critical 
areas of the site, 

2. Orient the building to take advantage 
of solar energy for passive and active 
solar systems. The building should 
take advantage of shade and airflows 
for cooling in summer, and of passive 
solar energy for heating and wind 
protection in winter If solar collectors 
or photovoltaic systems are proposed, 
orientation should allow maximum 
access to sunlight. 

3. Provide a north-wall design that min- 
imizes heat loss. Provide entrances 
with airlocks, and limit glass to pre- 
vent heat loss. Large buildings in cold 
or temperate climates require air-han- 
dling systems that balance interior 
building pressure in such circum- 
stances. 

4. Provide a building-entrance orienta- 
tion that maximizes safety, ease of 
access and protection from the ele- 
ments. 

5. Minimize solar shadows. Landscaped 
areas, open spaces, parking, and sep- 
tic fields should be aggregated to pro- 
vide the least solar shadow for south- 
ern orientations of the building pro- 
ject and adjoining buildings. 
Calculating total site shadow can pre- 
vent the creation of solar voids and 
cold-air-drainage dams. This is espe- 
cially useful in cold and temperate cli- 
mates. 

The orientation of buildings and other 
site elements can also influence the extent 
of site disruption required for construction. 
Earthwork and clearing of the site can be 
reduced by aligning long buildings and 
parking lots with landscape contours. Half- 




Figure 220-2. Theoretical "most favorabfe" microclimate location for each cli- 
mate region. 




MICROCLIMATE CEILING 



Figure 220-3. Local microclimate within a larger regional topoclimate. 



basements and staggered floor levels can 
be used in areas of excess slope. 

Site Improvements: 

Landscape design should seek to maximize 
human comfort, particularly in high-use 
areas such as plazas and outdoor gathering 
spaces, The designer needs to consider sea- 



sonal weather patterns and climate vari- 
ables such as vapor pressure in hot-humid 
zones, desiccating winds and diurnal 
extremes in hot-arid zones, and annual 
temperature extremes in temperate and 
cold zones. A number of strategies can be 
used to modify the site's microclimate. 




Site layout and construction should focus on eliminating unnecessary site , 
(e.g., excessive grading, blasting, clearing) and resource degradation (e.g., 
tatlon, groundwater contamination, air-quality loss). 

1. Design should seek to minimize the amount of impervious surface that is construct- 
ed. In addition, efficient site layout that utilizes existing transportation infrastructure, 
and alternative transportation strategies (e.g. mass-transit, carpooling, telecommut- 
ing) should be considered. 

2 The length of utility connections should be minimized by site layout. Combining util- 
ity corridors along previously disturbed areas may reduce unnecessary site clearing. 

3. Proposed layout should accommodate service via gravity sewer whenever possible, 
to eliminate the need for pumping stations. 

4. Buildings should be oriented to take advantage of solar access. The orientation of 
buildings and other site elements can also influence the extent of site disruption 
required for construction. 

5. Materials used in construction should be recycled and/or regionally available, if pos- 
sible, and have a low life-cycle cost. 
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1 . Existing water sources and landforms 
can be used to create winter heat 
sinks in cold climates, and tempera- 
ture differentials for cooling air move 
ment in hot climates. Existing streams 
or other water sources can contribute 
to radiant cooling for the site. Color 
and surface orientation may also be 
used to favorably absorb or reflect 
solar energy. 

2. Existing vegetation may be used to 
moderate weather conditions and 
provide protection for native wildlife. 
Vegetation can be used to provide 
shade and transpiration in the sum- 
mer and wind protection in the win- 
ter. Additionally, vegetation can pro- 
vide natural corridors for wildlife 
movement when provided in conjunc- 
tion with a regional landscape plan. 

3. Access roads, planting, grading, and 
ancillary structures should be 
designed to channel wind toward 
main buildings for cooling, or away 
from them to reduce heat loss. 

4. Introduce structures and plantings 
that provide shelter from harsh ele- 
ments and highlight desirable fea- 
tures. Modulation of tree-canopy 
heights and inclusion of water foun- 
tains and other built structures can 
fine-tune an exterior site by accelerat- 
ing or decelerating site winds, casting 
shadows, or cooling by evaporation, 

Construction Methods and Materials; 

The construction methods employed 
should ensure that each step of the build- 
ing process is focused on eliminating 
unnecessary site disruption (e.g., excessive 
grading, blasting, clearing) and resource 
degradation (e.g., stream siltation, ground- 
water contamination, air-quality loss). 
These strategies should harness features 
such as ventilating breezes and solar gain, 
while mitigating unfavorable features such 
as cold temperatures, moist air; desiccating 
winds; and increased stormwater runoff. 

The construction process should be 
strategically charted in stages to avoid 
unnecessary site disruption, and to achieve 
an orderly construction sequence from site 
clearing to site finish. Such a strategy 
reduces costs and damage to the site. It 
requires close coordination between all 
sub-contractors (refer to Section 130: Site 
Construction Operations for further infor- 
mation on various methods and staging 
strategies). 



Materials used in construction should be 
recycled and/or regionally available, if possi- 
ble, and have a low life-cycle cost- Albido 
(soiar reflectance index attributed to color) 
should also be considered when choosing site 
materials (refer to Division 800 for descnp- 
tions of various construction materials). 



4.0 BIOCLiMATE FUNDAMENTALS 



The concept of relating temperature and 
humidity conditions to design for human 
comfort is referred to as bioclimatic design 
Bioclimate fundamentals can be used to 
develop a site plan and design that meets 
the needs of its occupants, while minimiz- 



ing energy consumption. Figure 220-1 
illustrates the distribution of general climate 
zones across the United States. Each cli- 
mate zone has unique temperature and 
moisture characteristics that must be 
addressed by design. 

Hot Arid Regions: Characterized by dry, 
hot summer temperatures [>20"C (68°F)] 
and mild to cool winters [>0°C (32°F)]. 
Annual precipitation is low, however sea- 
sonal flash-floods may occur. While freez- 
ing temperatures are uncommon, extreme 
diurnal temperature fluctuations are typical. 
Site planning and design should seek to 
balance daily temperature extremes by 




Figure 220-4. Selected design and construction techniques to encourage 
energy conservation, 

1 . Planted wind screens require multi-row pattern. 

2. Grade to divert water, winds, and cold moist air. 

i. Structures take up less space and are useful in arid zones. 

4. Porous pavements and earth cover allows infiltration. 

5. Wet soil is highly conductive of cold and is best drained. 

6. Walls may be used to create micro- climates and to channel air movements. 

7. Special wall design, glass, and overhangs can help adapt to climate. 
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Figure 220-5, General site design strategies for hot arid regions. 




Figure 220-7. General site design strategies for temperate and cold regions. 



Table 220-01. SUMMARY OF REGIONAL BIOCLIMATIC STRATEGIES 
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Figure 220-6. General site design 
strategies for hot humid regions. 

storing energy, increasing humidity, and 
diverting desiccating winds. 

Hot Humid Regions: Characterized by 
hot summer temperatures [>20°C (68'F)] 
and mild to cool winters [>0°C (32°F)j. 
Annual precipitation and humidity are high, 
with frequent rain showers. Freezing tem- 
peratures are uncommon, and relatively 
minor diurnal temperature fluctuations are 
typical. Site planning and design should 
seek to increase shade, cooling from evap- 
oration, and breezes. 

Temperate Regions: Characterized by 
hot, often humid, summers [>20°C (6fi°F)] 
and cold winters [<0°C (32°F)] Annual 
precipitation is fairly high. The region is 
subject to repetitive freezing/thawing 
action, and significant seasonal tempera- 
ture fluctuations are common. Site plan- 
ning and design should seek to promote 
shade and evaporative cooling in warm 
periods, and block winds and promote heat 
gain in cool periods, without disrupting 
favorable summer wind pattern. 

Cold Regions: Characterized by mild sum- 
mer temperatures t>10 o -20" C (50°-68° F)] 
and very cold winters [<0° C (32° F)]. Annual 
precipitation is typically low. Region is subject 
to extreme freezing/thawing action. Site 
planning and design should seek to control 
winter winds, and promote solar gain and 
storage. 

Figure 220-2 illustrates a topographic 
section showing the theoretical "most 
favorable" microclimate location for each 
climate region. Hot Arid climates favor the 
eastern slope base to avoid harsh sun and 
to receive cool diurnal air drainage for the 
upper slope. Hot Humid climates favor the 
top of the eastern slope to avoid harsh west 
sun and to receive the evaporative cooling 
effect of winds due to turbulence at the 
hilltop. Temperate climates are most favor- 
able at the south-east "military crest" to 
receive both sun and breezes, but to avoid 
cold winds at the true crest. Cold climates 
are ideal on the south to south-western 
lower slope to receive solar radiation and 
be protected from winter winds, but high 
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Figure 220-8. Outdoor bioclimatic human comfort chart. It the temperature rises to 32°C (90°F) at 15% humidity, as indicated by 
point "A, " then additional moisture is required to achieve human comfort through evaporative cooling. If radiation increases beyond shad- 
ing line, then shade must be added. 



enough to avoid cold air drainage from 
upper slope. 

Site planning seeks to identify favorable 
microclimates with the aim of further adap- 
tation through design and construction 
techniques. Figure 220- 3 diagrams a local 
microclimate within a larger regional cli- 
mate zone The climatic design variables of 
human comfort in any given climate zone 
are: 

1. Solar radiation- Duration and intensi- 
ty of thermal loading and absorption 
(insolation), 

2. Air movement- Velocity and pattern. 

3. Humidity- Vapor pressure and air 
temperature. 



Specialized site design and construction 
methods allow each microclimate zone to 
be further adapted to maximize human 
comfort for both indoors and outdoors, and 
to minimize energy expenditure required 
for heating and cooling. This site zone is 
typically adapted for human use through 
structural orientation, vegetative clearing 
and planting patterns, grading, stormwater 
drainage, wind pattern augmentation, and 
the placement of paved surfaces. Figure 
220-4 illustrates how these techniques may 
be applied to a residential landscape setting 
to achieve a more energy conserving fit 

4,1 Bioclimatic Strategies 

Bioclimatic design creates site patterns and 
applies materials and structural forms 
which are suitable for the region in gener- 



al, and the site in particular. Table 220-1 
summarizes various techniques for each cli- 
matic region. Figures 220-5 through 220-7 
illustrate regional bioclimatic strategies for 
the four climate zones. 

Hot Arid Regions: 

Figure 220-5 illustrates general site design 
strategies for hot arid regions. Key strate- 
gies are; 

1. Use moisture conserving plants. 

2. Prevent heat build-up on structures 
(thick walled, in-ground architecture 
is useful). 

3. Deflect hot winds with walls, screens, 
and earthwork. 

4. Trap cool air for convection. 
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Table 220-02. DISTANCE REQUIRED BETWEEN BUILDINGS TO AVOID 
SHADOWS 



Table 220-03. /MINIMUM SPACING 
REQUIRED TO ASSURE ADEQUATE 
LIGHT PENETRATION 
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5. Use walls to create microclimate 
courts. 

6, Use pergola and trellis structures on 
south and southwest walls. 

7 Use large overhang calculated for 
winter sun. 

8. Avoid large exposed glass. 

9. Avoid heat absorbing materials. 

10. Position structure to benefit from 
diurnal air currents. 

Hot Humid Regions: 

Figure 220-6 illustrates general site design 
strategies for hot humid regions. Key 
strategies are: 

1 . Maximize breezes and evaporation 
with high canopy trees and loose 
open planting patterns 

2. Avoid tall solid walls that block winds. 

3. Seek high ground or rising slopes fac- 
ing prevailing winds. 

4 Avoid topographical depressions. 

5. Use large overhangs calculated for 
severe sun angles (east and west) 



6. Covered pergolas, or screened ter- 
races adjacent to structure will help 
draw air currents. 

7. Avoid excessive earth mounding 
which might trap moist, stagnant air. 

8. Use high ceilings, and vent all roof 
systems. 

Temperate and Cold Regions: 

Figure 220-7 illustrates general site design 
strategies for temperate and cold regions 
which share similar techniques but vary in 
severity of worst case conditions. Key 
strategies are: 
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8 Grade and plant for cold air drainage 
around structure. 

9 Earth sheltered architecture is useful 
in these regions. 

10. Drain all backfill soils and insulate 
perimeter foundation walls (Refer to 
subsection 4.5 Earthshelter Strategies). 

1 1 . Avoid northern entrances both for the 
site and architecture 

12. Cold climate siting benefits from 
steeper slopes, up to 20%, and orien- 
tation to the southwest for increased 
solar receipt potential. 



1 Promote solar gain in winter season. 4.2 Human Comfort Factors 



2. Seek southern slopes (S5E to SSW) 5- 
15%. 

3 Block wind chill with mixed deciduous 
and coniferous plants. 

4. Maintain openings for cooling sum- 
mer breezes. 

5. Provide afternoon shade with decidu- 
ous trees. 

6. Use garage, earth, and plantings to 
divert severe NE or NW winter winds 

7. Provide architectural entry lock to 
block cold air infiltration in winter. 



Human comfort is determined by ambient 
air temperature, humidity, and the velocity 
of air movement which allows the body to 
feel comfortably warm (but not overheat- 
ed) and comfortably cool (but not chilled). 
Architectural interiors are heated and 
cooled using a bioclimatic chart which 
tracks these three factors. Figure 220-8 
illustrates a bioclimatic chart for exterior 
spaces. In summary, the ideal comfort zone 
is within a narrow temperature range of 
20"C to 27°C (68°F to 80°F), a correspond- 
ing humidity range of 80% to 20%, and a 
wind velocity of at least 0.26 m/s (0.6 
mph). If the temperature-humidity cornbi- 
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Figure 220-9. Solar path around the earth or* the 21st day of each month 
of the year. 




Figure 220-10. Solar altitude chart for 28° north latitude. 
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Figure 220-11. Solar altitude chart for 32° north latitude. 



nation falls above the shading line, then 
shading is assumed. If the temperature- 
humidity combination is below the wind 
line, then still air is assumed. Use of this 
chart for outdoor spaces must consider mit- 
igating factors of human comfort, such as 
the R-value of clothing, and the way peo- 
ple move about a particular site to cope 
with changing weather conditions (i.e. 
moving into or out of the sun, or seeking 
leeward shelter as breezes begin to acceler- 
ate). These factors are likely to alter the 
ideal conditions for human comfort. 

4.3 Solar Path, Receipt, and 
Shadows 

Each climate zone has an ideal solar orien- 
tation based upon theoretical models which 
track solar receipt and loss throughout the 
daily and annual solar cycles. However, 
modern super-insulated structures and 
sound site planning strategies combine to 
establish a general principle favoring SSE to 
SSW structure siting in northern latitudes, 
with eastern or western biases determined 
by local conditions. Figure 220-9 illustrates 
the solar path around the earth on the 21st 
of each month of the year. Figures 220-10 
through Figure 220-17 show solar charts 
designed to plot the actual path of the sun 
as it would appear from the ground looking 
at the sky from various northern latitudes. 
These are useful for identifying the altitude 
angle of the sun at various times of year, to 
insure that buildings, topography, or vege- 
tation do not obscure the sun from solar 
collectors, outdoor gathering spaces, or 
windows designed for passive gain. 

Tree shadows: 

The ultimate shadow length of an existing 
or proposed tree in northern latitudes can 
be calculated by using the altitude angle of 
the sun at noon on December 21. The 
height of the tree divided by the tangent 
value (tan) of the altitude (°) will provide 
the distance required between the structure 
and the tree or object that is casting the 
shadow As Figure 220-18 illustrates, a 
20% slope in a cold climate will allow a tall 
tree to be planted relatively close to a struc- 
ture without obscuring solar access. 

Building Spacing: 

Table 220-2 indicates the relationship 
between the solar altitude at noon on 
December 21 by latitude position, and the 
distance required between buildings of a 
specified height so as to avoid an obscuring 
shadow. Table 220-3 shows the minimum 
spacing angle by climate type and latitude 
required to step back a building or other such 
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™ Figure 220-14. Solar altitude chart for 44° north latitude. Figure 220-15. Solar altitude chart for 48° north latitude. 
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Figure 220-16. Solar altitude chart for 52° north latitude. Figure 220-17. Solar altitude chart for 56° north latitude. 
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Figure 220-20. Structure orientation Figure 220-19. Shelterbelt wind flow dynamics showing effective wind shad- 
and wind flow. ow of light to very dense (mass to void ratio) shelterbelt plantings. Note wind- 

ward and leeward calm areas. 




structure to insure adequate light penetration 
during low sun periods in the winter. 

4.4 Wind Management 

Wind, both favorable cooling and unfavor- 
able chilling, can be diverted by altering 
vegetative cover, using mitigating structur- 
al devices, and by strategic use of existing 
and proposed earthforms. Most studies of 



wind augmentation stem from agricultural 
research aimed at raising soil temperature 
in cold climates by reducing wind chill 
through the use of planted and structural 
shelterbelts. 

Shelterbelt Design; 

Figure 220-19 illustrates the results of shel- 
terbelt studies and indicates that the 



longest wind shadow is produced by a shel- 
terbelt density of 50-65% mass to void 
ratio. This translates into mixed deciduous 
and coniferous plantings or vertically slat- 
ted fencing. The figure further shows that 
shelterbelt plantings create a windward and 
a leeward zone of diminished wind velocity 
of 6 times and 25 times the shelterbelt 
height (H) respectively. It suggests two 
principles: 

1 Windward Siting: Activities requiring 
the benefits of prevailing cooling 
breezes should be not be located too 
close to the windward side of a build- 
ing, tree group, or topographic fea- 
ture, because the breeze will lift over 
the mass and create a stagnant air 
pocket. 

2. Leeward Siting: Activities requiring 
protection from chilling winds should 
be located within the 4-6H zone of 
reduced wind velocity for maximum 
effect, but should not preclude the 
beneficial effects of prevailing cooling 
breezes, which typically emanate 
from the opposite direction. If cooling 
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Figure 220-22. Various profile concepts for earth sheltered structures. 
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KEY POINTS: Bioclimatlc Design 



Blocllmatlc design relates temperature and humidity conditions to design for human 
comfort. Bloclimate fundamentals can be used to develop a site plan and design that 
meets the needs of its occupants, while minimizing energy consumption. 

1 Bioclimatic design suggests site layouts, materials and structural forms which are 
suitable for the different climatic regions. Table 220-1 summarizes various tech- 
niques for four general climate zones, and Figures 220-5 through 220-7 illustrate 
strategies for each region. 

2. Generally, the human comfort zone is within a narrow temperature range of 20°C to 
27"C (68°F to 80°F), a corresponding humidity range of 80% to 20%. and a wind 
velocity of at least 0.26 m/s (0.6 mph) However, factors such as the R-value of 
clothing, and the way people move about a particular site to cope with changing 
weather conditions are likely to alter these ideal conditions. 

3 Modern super-insulated structures and sound site planning strategies favor SSE to 
SSW orientation for structures in northern latitudes, with eastern or western biases 
determined by local conditions. 

4. Shelterbelts are an effective means of controlling air flow. The longest wind shadow 
is produced by a shelterbelt density of 50-65% mass to void ratio. This translates 
into mixed deciduous and coniferous plantings or vertically slatted fencing. 

5. Generally, ventilating effects of the wind can be promoted by tall thin structures 
which are one room wide to allow cross flow, or by structures elevated on columns 
to promote under-venting. 

6. In cold, temperate, and hot arid climates, temperature stabilization may be promot- 
ed by using earth sheltering construction techniques on sites with dry soil condition. 



breezes are important in a particular 
climate zone, then the face of the 
structure or activity should be located 
5-6H from the shelterbelt. This effec- 
tively translates into the rear of the 
structure being in winter calm, and 
the front of the structure being in 
summer breeze. Maximum winter 
calm in cold climates can be achieved 
at 2H from the shelterbelt. Roads and 
parking should be within 10-12H of 
the shelterbelt because at 15H, the 
snowthrow turbulence is most severe 
and drifting deposits are deepest. 

Structural Orientation to the Wind: 

The proportions of architecture are impor- 
tant with regard to wind augmentation. 
Figure 220-20 illustrates how structures 
oriented diagonally to the wind present 
greater width than the same structure ori- 
ented perpendicular to the wind. Generally, 
ventilating effects of the wind can be pro- 
moted by tall thin structures which are one 
room wide to allow cross flow, or by struc- 
tures elevated on columns to promote 
under-venting. Research has shown that 
best ventilation occurs when structures are 
slightly oblique (20°-30°) to wind flow due 
to Venturi acceleration effects. Figure 220- 
21 illustrates the effect of low shrubs plant- 
ed in front of windows resulting in a down- 
ward deflection for a distance (D) which 
ranges from 4 500-6 000 mm (15 to 20 ft). 

4.5 Earth Shelter Strategies 

In cold, temperate, and hot arid climates, 
temperature stabilization may be promoted 
by using earth sheltering construction tech- 
niques. This strategy takes advantage of 
the rather constant earth temperatures 
which exist 2 000-3 000 mm (6-10 ft) 
below the earth's surface. In warm cli- 
mates, it is easier to maintain a cool ambi- 
ent interior temperature, and in cold cli- 
mates, it takes less heat energy to raise the 
interior temperature to achieve comfort. 
Figure 220-22 illustrate various profile con- 
cepts for earth sheltered structures. They 
consist of berming over at-grade structures, 
fully excavating sites, or partial sheltering 
through basement alternatives. 

Earth shelter construction requires dry 
soils of low conductivity. Wet soils should 
be avoided, or with proper mitigation, 
berming may be acceptable. Earthsheltered 
buildings should be vented with an appro- 
priate air exchanger and the slab should be 
sealed and vented for radon gas mitigation. 

Figure 220-23 illustrates general steady 
state earth temperatures for various regions 
of the United States. These temperatures 
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1.0 INTRODUCTION AND 
PURPOSE 



■-passage of the Americans with 
LJ Disabilities Act in 1990 has produced 
I both published legal guidelines and 
recommendations for access to the U. S. 
outdoor environment. This section focuses 
on accessibility within outdoor environ- 
ments such as parks, playgrounds, gardens, 
wilderness areas, beaches, and common 
urban environments. Specific design rec- 
ommendations for fully accessible environ- 
ments and additional guidelines based on a 
number of important design concepts and 
principles are provided. 

Many individuals are unable to indepen- 
dently obtain access to the landscape 
because of barriers. Barriers in the land- 
scape include designed surfaces which are 
not wheelchair-negotiable and misplaced 
bollards which create obstacles unde- 
tectable by cane. Yet barriers can often be 
avoided by creative or simple design solu- 
tions which take into account different 
users' needs. The concept of "Universal 
Design" has emerged to help designers 
address issues of concern to the widest pos- 
sible range of individuals without segregat- 
ing different users. 

Information in this section has been pre- 
pared to complement the Uniform Federal 
Accessibility Standards (UFAS) and the 
Americans with Disabilities Act Accessibility 
Guidelines (ADAAG). Currently, the UFAS 
applies to many federal agencies while the 
ADAAG applies to the private sector. State 
or local government entities may follow 
either set of standards, but a site design 
must be uniform in application (i.e. the 
UFAS and ADAAG guidelines cannot be 
"mixed and matched" within one site). 

For further information including specif- 
ic recommendations, the Office of the 
Americans with Disabilities Act may be con- 
tacted directly. Expert guidance is available 
regarding the application of the Americans 
with Disabilities Act, the Americans with 
Disabilities Act Accessibility Guidelines 
(ADAAG), and the Uniform Federal 
Accessibility Standards (UFAS). Contact: 

The Office of the Americans with 
Disabilities Act 

Civil Rights Division 

US Department of Justice 

P.O. Box 66118 

Washington, DC 20035-6118 

1 (800) 514-0301 

1 (800) 514-0383 TTD 

1 (202) 514-6194 (Electronic: Bulletin Board) 

website: www.usdoj.gov 



The Uniform Federal Accessibility 
Standards (1984) were developed to mini- 
mize the differences between the standards 
previously used by four federal agencies 
(the General Services Administration, the 
Department of Housing and Urban 
Development, the Department of Defense, 
and the U.S. Postal Service), and the stan- 
dards recommended for facilities that are 
not federally funded or constructed. The 
UFAS include architectural and transporta- 
tion guidelines as well as a large amount of 
basic information useful for formulating 
minimum dimensional criteria for many sit- 
uations. 

The Americans with Disabilities Act 
Accessibility Guidelines (1991) was subse- 
quently developed by the US Architectural 
and Transportation Barrier Compliance 
Board. The ADAAG incorporates ANSI 
A1 17.1 -1980, which were developed by 
the American National Standards Institute. 
The ADAAG sets guidelines for accessibility 
for the private sector, under the Americans 
with Disabilities Act of 1990. At this writ- 
ing, it seems likely that the ADAAG will 
soon replace the UFAS as the single acces- 
sibility guideline standard in the U.S. 

Copies of the UFAS standards may be 
acquired by contacting the US Architectural 
and Transportation Barriers Compliance 
Board. 



2,0 IMPORTANT DESIGN 
CONCEPTS 



Several concepts related to accessibility are 
important to understand prior to reviewing 
the guidelines outlined in this section. 

2.1 Universal Design 

Universal Design is a phtlosophicall 
approach to design which seeks to elimi- 
nate barriers while providing access and 
usability to the broadest possible range of 
people A key to Universal Design is 
becoming aware of the wide variety of dis- 
ability concerns. Designers following the 
UFAS or ADAAG standards may find that 
while the dimensional guidelines are highly 
useful, following UFAS or ADAAG does not 
automatically create an accessible or usable 
space. Understanding different types of 
impairments and how they might affect 
access is necessary in order to create usable 
landscapes. In addition, the guidelines per- 
mit flexibility, if equal or greater accessibili- 
ty can be provided by a different or more 
creative design solution 



2.2 Accessible Route 

Providing an accessible route is the most 
important way to ensure universal access.lt 
connects the primary elements and spaces 
of a site, parking, entrances, facilities, and 
buildings. An accessible route must be pro- 
vided which is continuous and free from 
obstructions, as specified in the ADAAG 
section 4.3 Accessible Route. This route 
must coincide with the route planned for 
the general public to the maximum extent 
feasible (Figure 240-1) 

The particular site context usually dic- 
tates design strategies. Therefore, design 
considerations for continuous accessibility 
should emphasize specific elements and 
details. These elements relate to spaces 
such as interiors, waiting and rest areas, 
and parking; specific transition points at 
building entries and curb ramps; clearances 
between buildings and on paved surfaces, 
and details including lighting and signage. 
Pedestrian circulation systems should 
include loops rather than dead ends. 

2.3 Graduated Difficulty of Access 

A system of graduated difficulty of access is 
most applicable to the design and manage- 
ment of outdoor recreational facilities, par- 
ticularly to hiking and camping areas (See 
5.0 Accessible Recreation in this section for 
further information). The objective is to 
provide a wide variety of trail types with a 
range of opportunities and experiences to 
accommodate or challenge all abilities. The 
diversity of trail types is characterized by 
variations in degree of difficulty (with vary- 
ing surfaces, widths, slopes, cross-slopes, 
lengths, edges, number of rest stops, etc.). 
A good system of signage is necessary for 
user selection of trail type. Such a system 
does not compromise the recreational 
experience for anyone, nor segregate users. 



3.0 DESIGN CONSIDERATIONS 
FOR ACCOMMODATING 
DISABILITIES 



The range of abilities among people is 
highly varied. The guidelines in this section 
address specific categories of impairment 
and design strategies required to accom- 
modate them They include visual, mobility, 
hearing, manual, and learning impairments. 
Other areas of concern include lack of sta- 
mina and extremes in size and weight. 
Hearing and manual impairments are 
sometimes accommodated by specific 
devices. Learning and mental impairments 
in the outdoor environment are often 
addressed by clarity of signage or the use 
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1. Forking areas should be related directly to 
the buildings which they serve. 'Hand! 
capped" parking stalls should be no more 
than 30 000mm (100') from building 
entries. 

2. Drop-off zones should be located as close 
as possible to primary entryways. No 
grade changes 6hould exist between road 
surfaces and adjacent walkways. Vehi- 
cular connections to drop-offs, site 
entrance and parking areas should be 
direct. 

3. Site entrances should be well identified 
with obvious relationship to the buildings 
and slte6 they serve. 

4. Clear and legible signage should be provid- 
ed to direct pedestrians to various desti- 
nations. 

5. Building entries should be clearly Identi- 
fied: combined means of entry should be 
provided for handicapped Individuals (I.e. 
both ramps and stairs): public facilities 
should be located near accessible entry- 
ways (lavatories, phones, drinking foun- 
tains, etc.); no grade changes should 
exist between erttryways and these facili- 
ties. 



6. Waiting areas preferably should be located within 90 000 mm 
(300') of building entry; avoid traffic congestion: and overhead 
shelter should be provided for protection from weather: ade- 
quate seating and lighting should also be provided. 




8. Walkways should provide clear and direct routes throughout sites: sur- 
faces should be firm and level; curb cuts and ramps should be provided 
where necessary; accessible walkways should consist of closed loops rather 
than 1 
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Figure 240-1 . Accessible route. An accessible route ensures that all people will have uninterrupted access to facilities. 
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Figure 240-2. Cane technique. The 

Typhlo cane is primarily used by those with 
limited vision and will detect objects only 
within a specific range. Objects should not 
protrude into pedestrian pathways above a 
675 mm (27 in.) height. 
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Figure 240-3. Tactile warning strips. 

Tactile warning strips are not widely used 
and are not always recognized as such, but. 
do have potential value as devices to warn 
of hazardous areas. Dimensions of warning 
strip should be sufficient to forewarn 
pedestrians. 



of landmark features to aid in site orienta- 
tion. These strategies aim to achieve 
Universal Access. 

3.1 Visual Impairments 

Internationally there are an estimated 40 
million people who are blind and another 
20 million who have severe visual impair- 
ments. Of the 8-12 million U.S. citizens 
(1994) who are visually impaired. 4.8 mil- 
lion are severely impaired. 1.1 million are 
legally blind and 220,000 have no usable 
vision at all. There are 9.7 million people in 
the U.S. whose functional limitations in 
seeing which may affect orientation and 
negotiation through the landscape. Of the 
4.8 million who are severely impaired, 
approximately 85,000 can read Braille 

Of those who are visually impaired in the 
U.S., 5 million are over 65. Therefore, most 
of those who are visually impaired also 
have the disadvantage of limited balance, 
stamina, reaction time, and general agility, 
as a function of age. 

Ninety-six percent of those who are 
visually impaired became blind during 
adulthood and consequently understand 
the way urban environments are typically 
structured. Those with limited vision adapt 
to their gradually worsening vision and 
learn how best to use what remains of their 
sight Simple perception of light, for exam- 
ple, helps one discriminate between night 



Accessible curb cute with focus Into crosswalk 



(More desirable) 



1. Accessible curb cuts inset 
from intersection by seg- 
ment of straight curb. 
Most desirable. 




2. Accessible curb cut 
at Intersection. 



Accessible curb cuts with focus into Intersection 



(Lees desirable) 



I I 



3. Accessible curb cut with 
well defined edge provided 
by planters. 
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4. Accessible curb cut without 
defined edge. Least desirable. 
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2 Figure 240-4. Curb ramps at marked crossings. Curb ramps in order of preference for accessibility. 
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DROP OFF ZONE 




Figure 240-6. Tactile warning at Hazardous vehicular areas. Visual and/or tex- 
tural cues can be used to forewarn motorists of pedestrian areas, and vice-versa. 




Figure 240-5. Components for visual 
and textural cueing. Both visual and 
textural cues can be employed to forewarn 
handicapped pedestrians of hazardous 
areas. 

TACTILE WARNING STRIP APDED 
TO FOREWARN PEDESTRIANS OF 




Figure 240-7. Unexpected level 
changes. Unexpected level changes are 
hazardous and should not occur in the 
main line of pedestrian walkways. Existing 
situations can be modified to forewarn 
unsuspecting pedestrians. 

and day, sunlight and shadow, or the four 
cardinal directions. 

Such individuals learn to rely upon the 
other senses of smell, hearing, and touch 
for identification and orientation through 
complex outdoor environments The sense 
of smell is used to identify landmarks 
whose characteristic odors can be remem- 
bered and cognitively mapped The direc- 
tion and location of auto traffic can be 
determined from audible cues. To a prac- 
ticed ear, the echo in a space can indicate 
its approximate size and the location of 
walls or openings. 

The perception of wind or drafts 
against the skin can help identify street cor- 
ners, tunnels, subway entrances, or narrow 
passages, as well as helping to determine 
spatial form to some extent. The perception 
of heat or cold can indicate the direction of 



the sun and the presence of street gratings, 
exhaust fans, or a doorway. 

Differences in paving materials can pro- 
vide tactile cues to aid negotiation and 
identify hazards. A sense of balance helps 
identify topographic gradients, the begin- 
ning or end of a ramp, the approximate 
width of a crowned road, or a drainage 
structure. 

Many individuals with impaired vision 
rely on their limited vision and various envi- 
ronmental cues when negotiating the out- 
door environment. Some travel by holding 
onto the arm or shoulder of a sighted per- 
son. Others employ a variety of mobility 
aids, including use of a long cane (i.e., the 
Typhlo or Hoover cane) (Figure 240-2). 
However, use of a cane does not always 
detect protruding objects at a height 
greater than about 675 mm (27 in). 
Railings, for instance, should have a second 
rail lower than 675 mm (27 in) for easier 
detection. Overhanging branches are also 
not easily detected. 

3.2 Mobility Impairments 

Impaired mobility can be the result of a 
wide variety of conditions, such as tempo- 
rary or permanent injuries and the normal 
effects of aging. 

Impaired mobility generally refers to an 
impaired function of the legs or an inability 
to walk. It can also refer to limited stami- 
na, poor balance, extreme of size and 
weight, or a heart condition. A person with 
a mobility impairment may rely on walking 
aids, need areas to rest, or require a ramped 
incline for a wheelchair. When walking is 
possible, there is often difficulty in using 
stairs and ramps, especially if no hand rail- 
ings are present. Hand railings are required 



by ADAAC on stairs and many ramps. 
Careful design of ramps, landings, stair- 
ways, stair nosings, and tread-riser ratios is 
important, as is the choice of surface mate- 
rials. Walkway surfaces should not consti- 
tute a potential hazard in themselves. 

Level changes which are not ramped 
create barriers for most users of wheel- 
chairs. Accessibility for wheelchair users 
also implies adequate dimensioning of 
spaces, routes, ramps and doorways, and 
proper placement of street furniture 
Kinetospheres, or reach limitations, are also 
important determinants. Both UFAS and 
ADAAG provide guidelines for positioning 
drinking fountains and telephones. ADAAG 
has an added section on the dimensions for 
Automated Teller Machines. 

3.3 Hearing Impairments 

Individuals with hearing impairments may 
encounter barriers that center around spo- 
ken information and audible warning com- 
munication, as vision is relied upon for 
informational needs. Danger may occur 
when alarms such as automobile horns or 
fire alarms are not accompanied by flashing 
lights or other visual cues. Clear signage 
and other visual indications for directional 
information are especially important to 
individuals with hearing impairments when 
verbal communication is not possible. 

Assistive listening systems are required in 
certain assembly areas by ADAAC but spe- 
cific guidelines have not yet been devel- 
oped for outdoor recreation areas as of this 
writing. Recommendations, however, are 
available. 

3.4 Manual Impairments 

Manual impairments generally refer to dys- 
functions of arms or hands. Some individu- 
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RECOMMENDED NOT RECOMMENDED 



Figure 240-8. Outdoor step types. Steps, should be designed to safely aaomodate 
those who will use them. Careful attention to nosing and shadowline details /s especial- 
ly important. 




Figure 240-9. Stairway landings. 

Vertical height between stairway landings 
should be minimized to accommodate 
individuals with limited strength. Note that 
minimum widths do not include the thick- 
ness of walls. 



als have manual difficulty as a function of 
reduced strength in arms and hands 
because of age or other temporary or per- 
manent conditions. 

Operating controls such as those found 
on elevators, vending machines, doorways, 
or gates often present barriers. Push plates 
and pull bars on gates or doors are recom- 
mended Buttons or large swing knobs are 
preferable to small twisting or dialing 
mechanisms which require some degree of 



strength and may create a hindrance. 
Equipment that can be operated with a 
closed fist will accommodate most people. 

Operating controls, such as a door open- 
er which can be activated by a large push 
button should be placed so that a person 
using an electric wheelchair (such as 
breath-operated) can manipulate their 
position to push the button with their chair. 

3,5 Learning Impairments 

Individuals with learning difficulties require 
design consideration for several reasons. 
Many people have difficulty with orienta- 
tion and route memory as a function of 
cognitive mapping difficulty. Graphic sym- 
bols can minimize the hazards to those with 
learning difficulties by calling out cross- 
walks, the edges of traffic, and dangerous 
and restricted areas. Graphic symbolization 
(banded crosswalks, for example) can stim- 
ulate memory in those with learning diffi- 
culties, Illiteracy can also be accommodated 
somewhat by the use of graphic symboliza- 
tion. Landmarks can function as orientation 
devices in some cases. 



4.0 DESIGN ELEMENTS AND 
DETAILS 



General consideration of details in accessi- 
ble design include dimensioning, materials 
selection, avoidance of hazards, and main- 
tenance issues. Specific recommendations 
are provided below and references to 
guidelines are cited. 

Accessible outdoor facilities should 
incorporate the following amenities as close 
to entryways as possible: 




Physical impairments affect a broad based population and require specific design 
considerations. 



1 Many individuals with impaired vision rely on their limited vision and various environ- 
mental cues when negotiating the outdoor environment The Typhlo cane is primarily 
used by those with limited vision and will detect objects only within a specific range. 
Tactile warning strips are recommended to forewarn pedestrians of hazardous areas. 
Ob|ects should not protrude into pedestrian pathways above a 675 mm (27 in) height 
(Figure 240-2 and 240-3). 

2. A person with a mobility impairment may rely on walking aids, need areas to rest, or 
require a ramped incline for a wheelchair (see Figure 240-10 for ramp dimensions). 

3. Assistive listening systems are required in certain assembly areas by ADAAG. 

4. Operating controls such as those found on elevators, vending machines, doorways, 
and gates should have push plates, pull bars, buttons, or large swing knobs. 
Equipment that can be operated with a closed fist will accommodate most people. 

5. Graphic symbols can minimize the hazards to those with learning difficulties by call- 
ing out crosswalks, the edge of traffic, and dangerous and restricted areas (see 
Figure 240-26: Universal Design Symbols). 
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1. Parking (for appropriate number of 
reserved accessible spaces, see Table 
240-1). 

2- Accessible rest room facilities 

3. Accessible drinking fountain(s) 

4. Accessible public telephone(s) 

5. Accessible waiting area with 
appropriate seating 

6. Informational and directional signage 

7. Elevators, escalators when in use 

8. Other amenities provided on site (ex. 
ATM machines) 

For specific information, refer to the fol- 
lowing sections: 

ADAAC 4.6 Parking and Passenger 
Loading Zones 

ADAAC 4.23 Bathrooms. Bathing 
Facilities, and Shower Rooms 

ADAAC 4.15 Drinking Fountains and 
Water Coolers 

ADAAC 4.31 Telephones 

ADAAC 4.32 Fixed or Built-in Seating 
and Tables 

ADAAC 4.30 Signage 

ADAAC 4,10 Elevators and Escalators 

ADAAC 4.34 Automated Teller 
Machines 

The following design details commonly 
occur in outdoor environments: 

4.1 Walkways, Street Crossings and 
Paved Surfaces 

General: 

The following recommendations provide 
general design guidelines: consult the 
appropriate sections in ADAAC or UFAS for 
specific scoping requirements 

Closed networks of pedestrian accessible 
routes rather than discontiguous units of 
accessible design are essential for a pleas- 
ant experience for most people Small and 
large loops are generally desirable for all. 
Places to stop and rest should be provided. 
If a path is narrow, passing space for two 
wheelchairs must be provided at periodic 
intervals (most wheelchairs are 800-900 
mm (32-36 in) wide and a 900 mm (36 in) 
path minimum is required on an Accessible 
Route) Maneuvering around fixed objects 
requires more space as well. Places to stop 
and rest should be level and large enough 
so that a wheelchair can "park" safely 
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i 240-10. Typical ramp configurations. Regardless of the ramp configuration, 
all inclines and landings should be sufficiently dimensioned. 
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PREFERRED HANDRAILING 
GRIPS 

THE5E CROSS SECTIONS ALLOW A 
NATURALLY OPPOSING GRIP 



NOT PREFERRED 

THESE CROSS SECTIONS ARE 
TOO WIDE TO ALLOW FOR A 
NATURALLY OPPOSING GRIP 




INADEQUATE CLEARANCE 



i—l TOO WIDE 



Figure 240-11. Handrailing cross sections. The cross section of a handrailing 
should be designed to allow a firm, prehensile grasp. 



FRONT VIEW 



PROVIDE ARMRESTS FOR EASE IN GETTING UP 




SIDE VIEW 

HIGH BACK IS IMPORTANT FOR SUPPORT 

450 [18") MAX. 
360 (12") MIN. 




Figure 240-12. Typical bench requirements. Benches should be designed to facil- 
itate individuals with limited strength. Armrests and adequate heelspace are especially 
important details. 
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' PKOVIPE HEEL SPACE 
FOR EASE OF RISING. 



Figure 240-13. Typical seating wall 
requirements. Although wall heights can 
vary, all should be designed to facilitate 
use by a wide range of user types. 



„ 2 K>° (*') MINIMUM CLEAR OPENING 

■mS BETWEEN BOLLARPS 




Figure 240-14. Bollard placement. 

Bollards should be placed to minimize 
obstruction to pedestrian flow, including 
transverse flow from parking areas. 



without obstructing the Accessible Route. If 
a route is not accessible, signage referring 
to the entrance of an Accessible Route 
should be posted in a conspicuous place so 
as to avoid "dead-ends." However, the 
Accessible Route must coincide with the 
route for the general public to the maxi- 
mum extent feasible, by law. Small level 
changes should be avoided or minimized, 
and surfaces should be chosen with care. 
Materials in a boardwalk, flagstones, and 
brick paving, for example, should be 
"flush" so that small level changes never 
exceed 12 mm (1/2 in) 

Running slopes greater than 1:20 are 
difficult for many people, including most 
individuals who use manual wheelchairs 
and people with less stamina Slopes 
greater than 1 :20 are considered Ramps by 
ADAAG and fall under different design 
requirements. Ramps should not exceed 
8.33% (1:12) for distances greater than 9 
000 mm (30 ft). Cross slopes on paths and 



ramps should not exceed 2% in developed 
areas, and 3% in more natural or primitive 
areas (due to construction constraints). 
Objects which are non-detectable by cane 
and protrude into the Accessible Route 
must be avoided or marked according to 
specifications. Audible cues, such as falling 
water from a fountain and even vegetation, 
can aid greatly in non-visual orientation of 
a path system. The following ADAAG sec- 
tions provide more information: 

ADAAG 4.3 Accessible Route, for gener- 
al requirements 

ADAAG 4.4 Protruding Objects 

ADAAG 4.5 Ground and Floor Surfaces 

ADAAG 4.6 Parking and Passenger 
Loading Zones 

ADAAG 4.8 Ramps 

ADAAG 4.14 Entrances 

Tactile Warning Strips (Detectable 
Warnings): 

Tactile warning strips that warn of danger 
are used on walkway surfaces and at curb 
ramps and street crossings to warn pedes- 
trians of abrupt grade changes, vehicular 
areas, potentially dangerous exits, reflect- 
ing or swimming pools, water fountains, 
and other obstructions or hazards (Figures 
240-3 through 240-6) They are needed at 
both the top and bottom of stairways 
(Figure 240-3), in front of doors that lead 
to potentially hazardous areas, and when a 
walking surface and vehicular way cross or 
adjoin and are not separated by curbs or 
other elements. Textured door knobs or 
handles are also beneficial. However, such 
warnings should not be used at emergency 
exits, as they can discourage use of the exit 
during real emergencies 

A linear tactile warning strip can define 
the zone along the outer edge of walk- 
ways, leaving a clear path without obstruc- 
tion of street furniture and trees (Refer to 
the following guidelines for specific dimen- 
sions and scoping requirements: ADAAG 
4.7 Curb Ramps; ADAAG 4,29 Detectable 
Warnings). 

The widely varying nature of walkway 
surfaces commonly used makes standard- 
ization of tactile warning strips difficult, but 
the standardization of textured warning 
surfaces within any one site or facility can 
be easily accomplished. Textural and color 
contrasts should be strong but should not 
constitute a safety hazard in themselves. 
Contrast in tone is the important criterion. 
State regulations should be checked. 



Table 240-1. MINIMUM ACCESSIBLE 
SPACES. 



TOTAL PARKING 
IN LOT 



1 TO 25 
26 TO 50 
51 TO 75 
76 TO 100 
101 TO 150 
151 TO 200 
201 TO 300 
301 TO 400 
401 TO 500 
501 TO 1000 

1001 and over 



REQUIRED 
MINIMUM 
NUMBER OF 
ACCESSIBLE 
SPACES 

1 

2 

3 

4 

5 

6 

7 

8 

9 

2% Of 
total 

20 plus 1 for 
each 100 over 
1000 



Source: U S Access Board. Americans with Disabilities Act 
Accessibility Guidelines, U.S. 

Architectural and Transportation Barriers Compliance Board, 
Washington. DC, 5cptcmbct 1994. 



MAXIMUM HEIGHT OF SAG IN CHAIN 




Figure 240-15. Chain barriers and 
guardrails. Chain barriers can be very 
hazardous and should be used only with a 
high degree of discretion. Chains that sag 
below 675 mm (27in) in height are 
detectable by cane but are often unseen by 
others, especially the elderly. Guardrails 
must be high enough to be easily seen, but 
rail must be detectable within a 675 mm 
(27in) clear maximum height range. 
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Table 240-2. HAZARDOUS AND NOXIOUS PLANT SPECIES 




Poisonous plants 



Debris: fruits and nuts 



Cones 




Seed pods 



Branch breakage 



Drooping branches 



Shallow Roots 



Odor 



Thorns and spikes 



Holly, yew, privet, Itairet, rhododendron 



Crab apple, plum, cherry, oak, chestnut, 
hickory, walnut 



Pines, spruce, fir. larch, hemlock 



Children may be tempted to 
sample bright-colored 
berries or leaves 



Long, strap-like rods, bernes, cones, and nuts can 
be slippery or difficult to walk on They are 
easily tracked into buildings and can stain 
clothing rf sat upon 

Cones, while having many decorative uses, 
can cause problems for pedestrians and 
small-wheeled vehicles on walkway surfaces. 



Sweetgum, sycamore. London plane tree, Pods create unsure footing for 
honey locust, maple pedestrians and hinder the move 

ments of small-wheeled vehicles 



Birch, silver maple, box elder, horse 
chestnut, poplar, willow, tulip tree, elm 



Birch, willow, pin oak, beech, magnolia 



Willow, red maple, silver maple, beech, 
cottonwood, poplar varieties 



Branch debns is difficult to walk on or to push small 
wheeled vehicles over Large branches can cause extensive 
damage to items on which they might happen to fall, 
such as cars, small wood -frame structures, etc. 

Branches can drop below minimum 

clearances on walkways or streets causing facial or eye 

injuries to pedestrians and hazards for motorists. 

Surface root systems can cause walks to heave and break 
apart, and pedestrians may trip and fall. 
Uneven or broken surfaces can be extremely 
difficult for small-wheeled vehicles 



Siebold viburnum, female ginkgo, 
Mimosa 



Barberry, quince, hawthorne, locust, 
holly, rose varieties, privet 



Fruit trees (crab apple, cherry, plum, etc ). 
mountain laurel 



Foul-smelling odors not only degrade the 
aesthetic appeal of an area but also tend to make 
people nauseous. 



■ v * ; * " Insects and pests 

Source: Gary RotJinsnr ed.. Btmer free Sitr Dnign. Van Nostrjnd Reinhold. Hew York, 1985 



Plants with thorns or spikes can be painful and dangerous 
to brush against or fall into. Leaves, twigs, and branches 
that fall to the ground can also be hazardous to people in 
light footwear or walking barefoot 

Because of the severe reaction certain people have to 
insect bites and stings, the use of plant materials 
which attract these pests are not recommended for areas 
near walks and seating. 



OPEN TOP 



Figure 240-16. Trash receptacles. 

Trash receptacle designs have various 
advantages and disadvantages depending 
on the climate and situation, including 
ease of use and exclusion of rain or snow. 
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4.2 Outdoor Stairs and Landings 
Stairways: 

Stairways constitute the most formidable 
barrier and safety hazard for those with 
physical impairments. A large percentage of 
accidents by severely visually impaired indi- 
viduals occur at level changes (Figure 240- 
7 and 240-8). 

Open risers are not permitted under 
ADAAG Specifics on treads and risers, nos- 
ings, handrails and detectable warnings are 
given in the section: ADAAG 4.9 Stairs. 

Landings: 

Outdoor landings to stairways should be 
adequately dimensioned to allow room for 
the convenient movement of people, espe- 
cially for those who need assistance nego- 
tiating stairways. The maximum height 
between landings should be 1 500 mm (5 
ft) for visual coherence and psychological 
invitation between adjacent levels. Lower 
heights are preferred (Figure 240-9). 

4.3 Outdoor Ramps 

Ramps are crucial for those who use wheel- 
chairs but may not be easier to negotiate 
than stairs for others. Both means of access 
should be provided whenever possible 
(Figure 240-10) (Refer to the following sec- 
tions: ADAAG 4.7 Curb Ramps; ADAAG 
4 8 Ramps). 

Ramps require level landings at both top 
and bottom of each ramp and between 
each ramp run. Clear floor space must be 
adequate to maneuver on and off of ramp, 
out of doors, etc. See section ADAAG 4.8.4 
Landings 

4.4 Handrailings 

Hand railings are important for safety and 
can aid with mobility, orientation and cog- 
nitive mapping of the environment. Steps, 
ramps, soft ground, and irregular paving 
surfaces are non-negotiable for many peo- 
ple if no hand railings are present. In recre- 
ational settings, ropes with periodic knots 
have often been used as orienteering 
devices enabling some people with visual 
impairments to enjoy environments other- 
wise disorienting and previously inaccessi- 
ble (Figure 240-1 1) (Refer to 5.0 Accessible 
Recreation in this section for more informa- 
tion). See the following sections for more 
information: ADAAG 4.9.4 Stair Handrails, 
ADAAG 4.8.5 Ramp Handrails. 
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Figure 240-17. Van accessible space at end row. 
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Figure 240-18. Universal parking space design. 



4.5 Walls, Benches, and Outdoor 
Seating 

Basic outdoor seating too often fails to 
address the needs of a broadly based user 
group. For example, many people often 
require arm rests when getting into or out 
of a seated position. Heel space is also nec- 
essary to make rising from a seated position 
easier (Figures 240-12 and 240-13). 
Wheelchair users often desire places to stop 
and rest and places to set packages. See the 
following sections for dimensions of out- 
door seating and assembly areas: ADAAG 
4.32 Fixed or Built-in Seating and Tables; 
ADAAG 4.33 Assembly Areas 



4.6 Walkway Furnishings 

Walkway Furnishings: 

Walkway furnishings should be carefully 
organized for safety and easier negotia- 
tion. Furnishings should be easily 
detectable by cane, either in themselves or 
by way of a hazard strip A hazard strip 
(linear textured surface) can be used to 
separate walkway furnishings from clear 
walking space (Refer to 4.1 Walkways and 
Paved Surfaces in this section for more 
information on tactile warning strips). 
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TEMPORARY BLINDNESS 



Figure 240-19. Accessible bus stop. Bus stops should be part of an accessible 
pedestrian network and include an area designed for deployment of a lift. A clear view of 
approaching buses should be maintained. 




Figure 240-20. Microclimatic comfort. Microclimatic control is especially impor- 
tant for elderly people, who are adversely affected by bright light, glare, cold drafts, and 
excessive heat. On warm, sunny days, for instance, a lightly shaded area without windi- 
ness is a preferred environment 



Bollards: 

Bollards, or post barriers, should not be 
placed in the main line of pedestrian travel 
and should be centered on parking stalls, 
when applicable, to allow free pedestrian 
travel to and from parking areas (Figure 
240-14). The same principle applies to 
trees, planters, light standards, parking 
meters, trash receptacles, and the like 
(Figure 240-15). 



Chain Barriers: 

Chain barriers can be hazardous to pedes- 
trians, bicyclists, and motorcyclists since 
these barriers are difficult to see, especially 
when lower than 790 mm (32 in) in height, 
and also at night (Figure 240-16). Chains at 
a height of 670 mm (27 in) or less are more 
easily detected by visually impaired cane 
users. Discretion should be used when 
designing chain barriers, and a means 
should be devised to increase their detec- 




LIGHT SHADE i J 



• TRANSITION NEEDED 



Figure 240-21. Transition 
dark and sunlit areas. As a function of 
aging, visual response to abrupt changes in 
light intensity becomes slower. Careful 
choice and placement of trees, arbors, trel- 
liswork, and similar devices can soften the 
transition between darkly shaded and 
brightly sunlit areas. 



tion by all people (Refer to ADAAG 4.4 
Protruding Objects for more information). 

4.7 Parking and Passenger Loading 
Zones 

The minimum number of Accessible Spaces 
in self-park parking lots are presented in 
Table 240-1. 

The "Universal" Parking Space Design 
recommends that all accessible spaces to be 
3 300 mm (11 ft) wide with a 1 500 mm 
(5 ft) access aisle in order to accommodate 
the increase in use of vans with side- 
mounted lifts or ramps (See Figure 240-17 
and 270-18). 

Specific dimensional information on 
parking and passenger loading zones is also 
given in the following section: ADAAG 4.6 
Parking and Passenger Loading Zones. 

4.8 Bus Shelters and Lifts 

All bus shelters should have an unobstruct- 
ed view of arriving vehicular traffic for both 
standing and seated individuals. The drop- 
off zone should be part of the Accessible 
Route 

The street adjacent to accessible bus 
stops should not have a high crown which 
would cause the bus lift to tilt, and the curb 
upon which the lift descends should be low 
enough to allow full deployment of the lift. 
A maximum curb height of 200 mm (8 in) 
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30 0O0 (I00 - ) Of DENSE VEGETATION IS MOST 
EFFECTIVE IF NO EARTH BERM IS PROVIDED. 




Figure 240-32. Noise buffer for easier outdoor conversation. As a function of 
aging, elderly people often lose their ability to clearly distinguish between simultaneous 
sounds. Outdoor conversation areas should be buffered from interfering noise whenever 
possible. 



OFPOKTUNITEB TO 
EXPLORE AND 




Figure 240-23. Gardens for elderly and handicapped people. Garden-* and gar- 
dening can provide pleasure as well as incentive to exercise for people with disabilities 
and others who would benefit from higher levels of physical activity. 



allows for the operation of standard lifts 
(Figure 240-19). 

Bus shelters should be constructed so 
that there is enough room to maneuver 
from the public way into the shelter and 
onto the bus within the perimeter of the 
shelter. See sections: ADAAG 10.2 Bus 
Stops and Terminals; ADAAG 4 11 Platform 
Lifts for dimensional guidelines 

4.9 Outdoor Plantings, Lawns, 
and Gardens 

Planting: 

Planting along public walkways should not 
constitute a potential hazard or nuisance. 



Species with branches that characteristical- 
ly break under ice or snow, produce exces- 
sive litter, droop down over walkways, or 
produce poisonous or slippery fruits should 
be used with discretion (Table 240-2). 

Microclimate control is especially impor- 
tant for elderly and handicapped people. 
Plant materials can be used to mitigate the 
discomforting effects of wind, glare, leflec- 
tion, temperature, and humidity (Figure 
240-20). 

Elderly people typically have the visual 
problem of diminished depth perception 
and a slower adjustment to abrupt changes 
in light. With careful planting or other 
means, harsh transitions between areas of 




Figure 240-24. Raised plantings for 
individuals with reach limitations. 

Opportunities for individuals with reach 
limitations is important, especially for 
those who use mobility aids. 
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GRAPHIC PROPORTIONS 




DISPLAY OPTIONS 



Figure 240-25. International symbol 
of accessibility. 
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PUBLIC SERVICES 1 


1 Telephone 


14 Toilet* 


2 Mall 


IB Nursery 


3 Currency Exchange 


16 Drinking Fountain 


4 Cashier 


17 Waiting Room 


D rlret Aid 


16 Information 


e Lost and Found 


19 Hotel Information 


7 Coat Chack 


20 Air Transportation 


S Baggage lockers 


21 Heliport 


9 Escalator 


22 Taxi 


10 Stain 


23 Bus 


11 Elevator 


24 GrouridTransportatlon 


12 Toilets, Men 


25 Rail Transportation 




CONCESSIONS 2 


27 Car Rental 


32 Barber Shop/ 


26 Restaurant 


Beauty Salon 


29 Coffee Shop 


33 Barber Shop 


30 Bar 


34 Beauty Salon 


31 Shops 




PROCESSING ACTIVITIES 3 


35 Ticket Purchase 


39 Immigration 


36 Baggage Check*in 


AO Departing Flights 


37 Baggage Claim 


41 Arriving Flights 


33 Customs 




REGULATIONS 4 



42 Smoking 47 No Entry 

43 No Smoking 46 Exit 

44 forking 49 Fire Extinguisher 

45 No Parking 50 Litter Disposal 

46 No Dogs 

bright sunlight and deep shade can be soft- 
ened (Figure 240-21), 

Speech is often difficult to hear, especial- 
ly by the elderly, who have trouble sorting 
simultaneous sounds. Unwanted noise 
sources near outdoor conversation areas 
should be buffered wherever possible 
Refer to Section 660: Sound Control in this 
handbook for more information (Figure 
240-22). 

Lawns: 

Regarding lawns, many people's basic desire 
is to be able to sit on the grass; this includes 
people who may have difficulty in doing so 
because of a mobility impairment and are 
using a wheelchair. Working with the topog- 
raphy of a site, transfer walls should be built 
in when possible to allow for easier access to 
grass from a seated position. 

Gardens; 

Gardens as well as gardening are an impor- 
tant source of enjoyment and can be 
designed to serve a wide variety of user 
groups; including people with visual impair- 
ments and those using wheelchairs (Figure 
240-23). A pleasingly tactile, audible, 
and/or aromatic environment can be espe- 
cially interesting. Opportunities to pick 
fruits, smell flowers, pull weeds, etc.. can 
be provided, by the use of raised platforms 
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Figure 240-26 Universal Design Symbols. These symbol signs are recognized inter- 
nationally as substitutes for literal signage and are especially useful for those who are illit- 
erate in either their own language or a foreign language. 



Table 240-3. CHARACTER HEIGHT 
(CANADIAN SYSTEM) 



X h«iht. 

mm (In}' 

5 (0 20) 

6 (0.24) 
8 (0.32) 
10 (0.40) 
12 (0.48) 
15 (0.60) 
20 (0,80) 
25(1.00) 
30(1.20) 
40(1.60) 
50 (2.00) 
60 (2 40) 
80 (3 20) 
100 (4.00) 
120 (4.80) 
150(6.00) 
200 (8.00) 



Rssoaaj 

dtEt«nc», 

m (ft) 



3.0 (10) 
37(12) 
4.9 (16) 
6.2 (20) 
7.4 (24) 
9.2 (30) 
12.3 (40) 
15 4(50) 

18.5 (60) 

24.6 (80) 
30.0(100) 
37.0(120) 
49.3 (160) 
61.6 (200> 
73 .9 (240) 
92 4 (300) 



Traffic ipe«d. 
H/hr<mpri) 



Pedestrian 



' INFORMATION SISN& SHOULD HAVE A &RAILLE STRIP 
FOR THE BLIND OFTEN PLACED ON EDGE OF SIGN 



RAI5ED OR ROUTED LETTERS ARE HELPFUL 
FOR THE VISUALLY IMPAIRED 



SIGNS SHOULD NOT INTERFERE 
WITH PEDESTRIAN TRAFFIC 



Vehicular 
3-6 (10-20) 
3-6(10-20) 
6-9 (20-30) 
6-9 (20-30) 
12-19 (40-60) 
12-19 (40-60) 




123.2 (400) 12-19(40-60) 



Figure 240-27. Placement of out- 
door signage. Accessible signage refers 
to graphic information that is accessible to 
everyone regardless of mobility impair- 
ment, and also includes accommodation 
for those with visual impairments and 
learning impairments. 



■ Note Character X height refers to the height of the lower- 
case "«" character m j curtaild; font or typeface 
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for potting; raised planting beds for non 
stooping access; and horticultural opportu- 
nities at above ground levels (e.g., berry 
picking from shrubs, dwarf fruit tree cul- 
ture, upright flowering plants, and tall veg- 
etables) (Figure 240-24). Gardens which 
attract songbirds and other forms of 
wildlife are greatly enjoyed by all people. 
Adaptive gardening areas should be inte- 
grated into the landscape where safety per- 
mits. 

4.10 Outdoor Lighting 

Lighting is especially important in places 
that are potentially hazardous. Fixtures 
should not protrude into Accessible Routes. 
Higher levels of illumination or a greater 
distribution of fixtures are beneficial to 
those with limited vision. Visual alarms 
should be integrated into the system where 
audible alarms are required. See sections: 
ADAAC 4.4 Protruding Objects; ADAAC 
4.28.3 Visual Alarms for more information 

4.11 Signage 

Clear and precise signage is a crucial aid to 
negotiation for all people. Essential func- 
tions include place identity, notice of acces- 
sibility, warnings, and directional informa- 
tion. 

International Symbols: 

Symbols of accessibility should be displayed 
where appropriate. The International 
Symbol of Accessibility (Figure 240-25) is 
required rn four locations: accessible park- 
ing spaces, accessible loading zones, acces- 
sible site and facility entrances that are not 
the primary entrance, and accessible 
restrooms. The Universal Design Symbols 
(see Figure 240-26) should be used to indi- 
cate levels of accessibility on outdoor 
Accessible Routes. In the case of Accessible 
Routes, the Universal Design Symbols are 
preferable to the International Symbol of 



Access, which has a tendency to imply 
"reserved for people with disabilities." 

Placement, scale, and consistent graphic 
style are important and should be readily 
observable from both seated and standing 
positions. Braille and raised or recessed let- 
ters provide signage for people with visual 
impairments, and raised-relief maps when 
provided are also particularly useful 
Cassette tapes or audible tones are other 
possibilities with distinct advantages over 
written information, except for those with 
impaired hearing. Traffic signals and kiosks 
are especially amenable to audible signals. 
When possible, signage complemented by 
informational brochures can provide more 
detailed levels 01 information. 

Braille strips can be added to the edges 
of signs that are reachable and located for 
that purpose. 

Graphic symbols should not be too 
abstract, nor should they be the only 
means of communication, because they 
have no applicability for some. Readability 
in signage is a function of comprehension, 
tone contrasts, character height, and char- 
acter proportion. Design criteria for literal 
signage have been developed to facilitate 
easier readability, (see appropriate ADAAG 
section for specifics). Signage with a matte 
finish and color contrast between charac- 
ters and background is most readable. 
Table 240-3 illustrates the Canadian system 
for determining character height, based on 
reading distance for pedestrians. 

The mounting location and height of 
signage should not constitute a hazard 

Placement of Signage: 

Placement of signage is important Signage 
for sighted people is most easily seen at 
approximately eye level, at an angle per- 
pendicular to the path of travel or within a 
30 degree angle to the centerlinc of the 
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esign Elements and Details 



Design elements and details in outdoor environments must be universally understood 
and easy to negotiate. 

1 . In general, details for accessibility must meet specific dimensions, some of which are 
required by law. The majority of figures within this section give a range of accept- 
able dimensions. 

2. Materials selection is important as a visual and tactile cue to handicapped pedestri- 
ans. Materials can warn of hazardous areas (Figures 240-3 to 240-7) or help make 
accessible areas more comfortable (Figures 240-20 to 240-24). 

3. It is important to avoid potential hazards or nuisances caused by designed elements 
and details. Plant material must be selected carefully to avoid hazardous or noxious 
plant species (Table 240-2). 

4. For more specific information regarding details see The Americans with Disabilities 
Act Accessibility Guidelines (ADAAG) 
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Figure 240-28. Universal Design 
5ymbols for Recreation. 
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Table 240-4. SUM/MARY OF DESIGN STANDARDS FOR OUTDOOR 
RECREATION ACCESS ROUTES. 



LEVELS OF I 



ROUTES 



High 
(Easier) 



{Moderate) 



Difficult) 



clear width (minimum): 1 200 mm (48 in) 

sustained running grade"(maximum) 5% 



8% 

9 000 mm (30 ft) 



900 mm (36 in) 

5% 
10% 

15 000 mm (50 ft) 



900 mm (36 in) 
8% 
10% 

15 000 mm (50 ft) 



3% 

60 000 mm (200 ft) 



maximum grade allowed* * 
for a maximum distance of: 

cross slope (maximum):"" 

passing space interval (maximum): 

rest area interval (maximum): 

small level changes (maximum): 

• Note- No more Ulan 20% ol the total length nl the ouldoor n-aealiuri jccpm ruutr shall rxrpot Ihe maximum sustained run- 
rung grade 

' " Note: The measurement of a maximum |{rjdi L and cross slope should be made ov« i 24" measuiement interval to conr 
spond to the footprint of a wheelchair operating in m,lt environment. 

Source Recreation Access Advisory Committee, Recommendations tor Accessibility Guidelines Receabon Facilities and Outdoor 
Developed Areas, U S Architectural and Transportation Barriers Compliance Board July 1994. 



3% 3% 

90 000 mm (300 ft) 120 000 mm (400 ft) 

120 000 mm (400 ft) 270 000 mm (900 ft) 360 000 mm (1200 ft) 

12 mm (1/2 in) 12 mm (1/2 in) 25 mm (1 in) 



Table 240-5. DECREE OF ACCESS FOR OUTDOOR RECREATION ACCESS 
ROUTES. 



Level of Develop* 



easier 
moderate 
difficult 
most difficult 



high (urban/rural) 
moderate (natural) 
low (back country) 
none (prlmative) 



minimum 1 200 mm (48 in) 
minimum 900 mm (36 in) 
minimum 900 mm (36 in) 
not applicable 



Source Recreation Access Advisory Committee, Recommendations tor Accessibility Guidelines Recreation Facilities and Outdoor 
Developed Aim, U.S. Architectural and Transportation Barriers Compliance Board. July 1994 



sign, Reading distance determines where it 
should be placed (see Table 240-3) Signs 
should not be obscured or confused with 
other graphics and should be easily recog- 
nized for what they represent. Signage 
intended for those with visual impairments 
should be well lit and/or located for easy 
access and touch (Figure 240-27). 

Many situations require a system of 
sequential signs. Hospitals, college campus- 
es, and other institutions should have post- 
ed signs, visual and textural cues, and 
pavement markings where applicable. 
Access to buildings or facilities with only 
one or two accessible entrances should be 
clearly marked with sequential signage. 

For specific information on tone con- 
trasts, lettering, placement of signage, etc., 
refer to the following section: ADAAC 4.30 
Signage. 



5.0 ACCESSIBLE RECREATION 



Accessible design in recreation areas 
requires a diversity of quality experience, 
not an absolute standardization of all facil- 
ities nor the development of all natural and 
pristine areas. An appropriate method for 
accessible recreational design need not 
compromise the natural character of the 
landscape. 

Accessibility guidelines for outdoor 
recreation areas are currently available in 
the form of recommendations. While not 
legally enforceable, these recommenda- 
tions have been presented to the public for 
comment at this time. This section follows 
many of the recommendations given by the 
following publication: 

Recommendations for Accessibility 
Guidelines: Recreational Facilities and 
Outdoor Developed Areas, developed for: 
U.S. Architectural and Transportation 
Barriers Compliance Board, July 1994, by 



the Recreation Access Advisory Committee. 
For more information or to comment on 
the recommendations, contact Access 
Board, Recreation Report, 1331 F Street, 
N.W., Suite 1000, Washington, DC 20004- 
1111. 

Another source of information devel- 
oped in part by the USDA Forest Service is 
Universal Access to Outdoor Recreation: A 
Design Guide, published by PLAE, Inc. in 
conjunction with other public and private 
partners including the USDA Forest Service 
and Sea Reach, Ltd., 1993, available from 
MIG Communications, 1802 Fifth Street, 
Berkeley, CA 94710 USA. 

In general, when elements of the out- 
door recreation environment coincide with 
indoor elements, the ADAAG and UFAS 
guidelines should be applied (e.g. picnic 
tables are covered under ADAAG 4.32 
Fixed or Built-in Seating and Tables), 

A difficulty in developing accessibility 
standards for the outdoor recreation envi- 
ronment has been in determining how 
much each site should be developed. To 
address this concern, the USDA Forest 
Service, for example, uses a recreation 
management approach called the 
"Recreation Opportunity Spectrum," The 
ROS systems allows for ratings of outdoor 
recreation areas with respect to user expec- 
tations, and resulting level of accessibility 
that should be the goal, 

The ROS is based on the following: 

• People purposefully choose a setting 
for their recreation activities. 

• Expectations regarding accessibility 
are often central to that choice. 

• Choices are made with the expecta- 
tion of achieving particular recreation 
experiences. 

• It is desirable to present a diverse 
spectrum of recreation settings, rang- 
ing from highly developed to primitive 
in accordance with the natural envi- 
ronment, from which people may 
choose. 

The process of design for standardiza- 
tion of recreational facilities involves devel- 
oping a positive attitude and awareness, 
minimizing of physical barriers, developing 
of programs, and involving many partici- 
pants. Design standards and concepts must 
be considered in relation to each recre- 
ational facility, program, and participant. A 
systematic approach to facility and pro- 
gram development can facilitate higher- 
quality recreation choices. 
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Table 240-6. SUMMARY OF DESIGN STANDARDS FOR RECREATION TRAILS. 



{urban/rural) (natural) (bach 



dear vyidm(rninimum): 1 200 mm {48 in) 900 mm (36 in) 700 mm (28 in) 

sustained running grade" (maximum) 5% 8% 12% 

maximum grade allowed - '* 10% 14% 20% 

for a distance of : 9 000 mm (30 ft) 1 5 000 mm (50 ft) 1 5 000 mm (50 ft) 

cross slope* ' (maximum): 3% 5% 8% 

passing space interval (maximum): 60 000 mm (200 ft) 90 000 mm (300 ft) 1 20 000 mm (400 ft) 

rest area Interval (maximum): 120 000 mm (400 ft) 270 000 mm (900 ft) 360 000 mm (1200 ft) 

•Note No more than 20% of the total length of the outdoot letreatinn access route skill exceed the maximum sustained 'un 
rang grade. 

■ -Note: Cross slope may not exceed 3 % in maximum grade segments, or 5% in maximum grade segments on difficult access 

trails. 

■ ■ 'Note The measurement of a maximum grade and cross slope should be made over a 24" measurement interval lo corre- 

spond too the footprint of a wheelchair operating in that environment 

Source: Recreation Access Advisory Committee. Recommendations lor AccessiMty Guidelines Recreation FacsliUej. and Outdoor 
Developed Areas, U S Architectural and Transportation Barriers Compliance Boaid, luly f/94 

Table 240-7. DECREE OF ACCESS FOR RECREATIONAL TRAILS 



Degree of Access Recreation Setting 



Clear Width 



easier highly developed (urban/rural) minimum 1 200 mm (48 in) 

moderate moderately developed (natural) minimum 900 mm (36 in) 

difficult minimally developed (back country) minimum 700 mm (28 in) 

most difficult no development Cprimative) not applicable 

Source: Recreation Access Advisory Committee, Recommendations for Accessibility Guidelines. Recreation FadlitJes and Outdoor 
Developed Areas. U.S. Architectural and Transportation Barriers Compliance 8oard, luly 1994 



5.1 Outdoor Recreation Access 
Route 

The Outdoor Recreation Access Route is 
the site feature which determines accessi- 
bility at any developed recreation site, by 
connecting all essential elements of the site. 
This route must coincide with the route for 
the general public to the maximum possible 
extent. In general, the guidelines set by 
ADAAG 4.3 Accessible Route should be 
applied. The Universal Design Symbols for 
Recreation should be used (see Figure 240- 
28). These symbols are preferable to the 
International Symbol of Accessibility, which 
usually implies "reserved for people with 
disabilities" (See Table 240-4: Summary of 
Design Standards for Outdoor Recreation 
Access Routes and Table 240-5: Degree of 
Access for Outdoor Recreation Access 
Routes). 

5.2 Hiking Trails 

General: 

Allowing for the physical negotiation of 
landscape and the enjoyment of natural 



beauty within the hiking experience should 
be planned in a diverse way for all potential 
users of a trail system. Providing opportuni- 
ties for physically challenging recreation 
for those with mobility impairments and 
planning a high-quality sensory experience 
for those with visual impairments should 
not be overlooked. 

The greatest diversity of people can be 
accommodated by providing a wide variety 
of trail types and challenges to choose 
from. Such a system also minimizes social 
segregation between user groups. (See 
Table 240-6: Summary of Design Standards 
for Recreation Trails and Table 240-7: 
Degree of Access for Recreation Trails) 

Signage: 

Signage should be compatible with the 
type of trail for which it is intended. In 
terms of extent, prominence, style, and 
message, signage should reflect the charac- 
ter of the particular trail experience. All 
potentially hazardous areas should be 
clearly marked, and include a means for 



safeguarding visitors. More information on 
appropriate signage follows. 

Trail Planning Classification System: 

Table 240-8 and Figure 240-29 illustrate a 
trail planning classification system and 
accompanying guidelines for a varying 
degree of accessibility in trail types. This 
system is an example of what can be done 
to provide quality recreational opportuni- 
ties for a broadly defined population with- 
out compromising the natural landscape 
experience. Trail attributes which should be 
posted include: grade, cross-slope, and 
width and surface; showing average and 
minimum/maximum values. Total trail dis- 
tance should also be noted, in addition to 
change in elevation, obstacles such as 
roots, ruts, rocks, water crossings, and ver- 
tical obstructions. 

Data on recreation trails should be post- 
ed at trail heads, informational areas, and 
appear in brochures and maps when possi- 
ble. A route map and grade profile should 
also be provided when possible. 

5.3 Interpretive Trails 

General: 

Design solutions for interpretive experi- 
ences should provide a system of graduat- 
ed difficulty of access and a diversity of 
experiences for people with varying inter- 
ests and abilities. 

Signage: 

A comprehensive system of signs along 
interpretive trails is crucial. Essential mes- 
sages at the beginning of the trail system 
should include: 

1 . A map in raised relief accompanied by 
raised or routed letters describing all 
trails and their respective lengths 

2. A difficulty -of -access classification (or 
comparable description) for each trail 

3. A general description of each trail, 
including its emphasis, character, and 
main features 

4. A description of locations where users 
can expect to find additional signs 
along each trail 

5. The meaning of special signals such as 
textural changes on trails, etc. 

Essential messages along the trails should 
include: 

1. Locations of special areas for rest, 
comfort, special features, danger, etc. 

2. Descriptions of events and places, spe- 
cial features, things to view, touch, 
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Table 240-8. TRAIL PLANNING CLASSIFICATIONS 



Class of trail 

Approximate length of trail 

Rest stop spacing and types 

(use natural materials 
whenever possible for 
benches, shelters, etc.) 

Width of trail 



Shoulder of trail 



Slope of trail 



Cross slope 



Surface of trail 



Trail edge (rails, curbs, etc. 
use natural materials 
whenever possible) 



0- 4 km (0-1/4 mi) 

30 000"i5 000 mm 
(100-150 ft) benches.' 
shelter, interpretation 



4-1.6 km (1/4-1 mi) 

60 000-90 000 mm 
(200-300 ft) benches, 
shelter, interpretation 



1 6-4.8 km (1-3 mi) 

150 000-180 000 mm 
(500-600 ft) natural 
benches occasionally, 
interpretation 



450 mm (1 1/2 ft) 
grass; slight slope 
toward trail 



1:50 



Concrete, asphalt 



Curbs used where 
necessary for safety; 
900 mm (3 ft) high 
rails for safety or for 
resting along lineal 
slope where necessary 



Clear understory brush 
to 300 mm (1 ft) 
from trail; gradual 
slope either direction 

1:20 with 1 500 mm 
(5 ft) level space at 
30 000 mm (100 ft) 
intervals 

1:50 for maximum of 
9 000 mm (30 ft) and 
varied from one side of 
trail to other 

Asphalt, perpendicular 
wood planking, very 
fine crushed rock 
solidly packed 

Gradual ramping, rails 
for resting along lineal 
slope and to provide 
safety on cross slope 
or hazard area 



IV V 

4.8-16.1 km (3-10 mi) Over 16.1 km (10 mi) 



Rest area or 
interpretation every 
1 6 km (1 mi) 



None unless unique 
interpretation 



1- way: 1 200 mm (4 ft) 1-way 900-1 200 mm 

(3-4 ft) 

2- way: 1 800 mm (6 ft) 2-way. 1 200-1 500 mm 

(4-5 ft) 



900-1 200 mm (3-4 ft) 600-900 mm (2-3 ft) Undefined 



Clear understory brush 
to 300 mm (1 ft) from 
trail; no abrupt 
drop offs adjacent 

1:12 with 1 500 mm 
(5 ft) level space at 
9 000 mm (30 ft) 
intervals 

1 :25 for maximum of 
15 000 mm (50 ft), 
vary from side to side 

Firm surface, 
well-compacted 



Compacted earth, 
level with trail edge: 



Clear understory brush 
to 150 mm (1/2 ft) 
from trail 



1 8 with occasional 
level space when 
possible 



1 20 



Bound woodchips, 
class 5 gravel 
mixture coarse 



Texture change 
with immediate drop 



Undefined 



Steps or natural 



Undefined 



Sandy, rough 
unbound wood 
chips, rocks 

Nothing 



definite texture change, to natural terrain from 

rails for holding slope trail edge, rails used 

at steepest grade to guard hazard 
and for safety 



• Benches refers erttwr to the commercial type or * big log or boukfro surtiMe <nc sitting 
Source: From Ihe Minnwuta Department of Natural Resource-: 
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Figure 240-29. Trail classification system. This recreation trail classification system was developed by the Minnesota Department 
of Natural Resources as part of a comprehensive scheme to accommodate all types of people in a statewide recreation model. The five 
trail classifications represent "graduated difficulty" in terms of accessibility, 
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60 000 mm (200") TO ACTIVITv AKEAS 




Figure 240-30. Typical accessible campsite (plan view). Campsites should be 
organized to provide varying degrees of challenge and remoteness. 
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Figure 240-31 Typical accessible campsite. 

o 
o 



smell, or hear, etc. 

Signage should accommodate both 
those with visual impairments and the 
sighted population Raised or recessed let- 
ters are preferable to Braille. Prerecorded 
messages can be either locally activated or 
contained in continuously worn headsets 
activated within a specified range. 

Orienting devices such as high rope 
lines, textural cues, and barriers are benefi- 
cial and can ensure a reasonable level of 
safety. Knotted ropes or other periodic cues 
can both call out features and also serve as 
distance meters. 

5.4 Outdoor Camping and 
Picnicking 

Camping: 

A diversity of recreational opportunities at 
or near the camping site itself, such as 
swimming, fishing, and remote hiking 
should be provided. A degree of remote- 
ness is typically characteristic of the camp- 
ing experience and can be maintained by 
allotting suitable acreages for each facility. 
Potable water and comfort facilities should 
be provided within a reasonable distance of 
each facility. Medical accommodation of 
some kind should also be readily available. 

When camping areas are located in 
highly developed (urban/rural) and moder- 
ately developed (natural) settings, the basic 
guidelines outlined by ADAAC can be 
applied for such elements as picnic tables, 
water sources, fire rings and grills, trash 
receptacles, and restrooms. Reach ranges, 
surfaces, and safety should be relevant to 
the design. 

Campsites should not be located near 
potentially hazardous areas. Hazardous 
obstructions and items — such as deadfalls, 
low -hanging branches, holes in the ground, 
poisonous plants, or thorns— should not 
exist near campsites. High-use areas— such 
as shelters, comfort stations, swimming 
pools, beaches, campsites, and food 
areas — should be located on relatively level 
ground that is easy to negotiate (Figures 
240-30 and 240-31) 

When accessible camping units can be 
provided, the units should be located in 
varying locations to give users a variety of 
choices and also to take advantage of the 
natural features of the site. 

The unique experience of camping may 
suggest using a different type of signage 
system than that used for interpretive trail 
systems. 
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extra-wide backs and arms 
allow additiona! space for 
utensils, plates, etc. 




Figure 240-32. Typical accessible fireplace and grill. Ground surfaces around 
campsites and fireplaces should be stabilized and free-draining 




Figure 240-34. General considerations for pool swimming. Note that a variety 
of means for entering the pool should be provided. 



» 000 mm (10 FT) DIAMETER CIRCLE PAVED 
AND AT A MAXIMUM DEPTH OF 760-900 mm 
(2-7z-3 FT) (ALLOW FOR WAVES) 

900 mm (3 FT) PAVED WAY FROM WATER'S 
EDGE, RAMP CONTINUES UNDERWATER AT 
MAXIMUM GRADIENT OF 101 



PROVIDE 900 mm (36") HEIGHT 
HANDRAIL ALONG DEEPER SIDE 

CURP At BASE 



PLAN VIEW 



SECTION VIEW 




Figure 240-35. Underwater ramp for beach swimming. The length of a ramped 
walk should be adjusted to the slope of the particular lake profile (10 percent maximum 
gradient), and should consider the size of anticipated waves. 




Figure 240-33. Tiered transfer plat- 
form for pools. Tiered transfer platforms 
allow easy entry into the pool from wheel- 
chairs 



Picnicking: 

Ground surfaces at picnic sites should be 
relatively level, free of obstructions, and 
appropriate in both their surfacing and size 
for wheelchairs. 

A clear space of at least 675 mm (27 in) 
high, 750 mm (30 in) wide, and 475 mm 
(19 in) deep is necessary to accommodate 
most wheelchairs. The tops of accessible 
tables and counters should be from 700- 
850 mm (28-34 in) above the ground. See 
ADAAG 4.32 Fixed or Built-in Seating and 
Tables for specifics, 

Cooking Facilities: 

The two activities of fire building and cook- 
ing should be accommodated in all designs 
(Figure 240-32). A clear, level ground space 
around fire rings and pedestal grills should 
be at least 900 mm (36 in) on all sides, with 
1 200 mm (48 in) being recommended 
The height requirements for fire rings 
depend on the level of development of the 
site. For example, in highly developed sites, 
the fire-building surface should be equal or 
greater than 225 mm (9 in) above the 
ground. Fire rings with fixed grills should be 
constructed at 425-475 mm (17-19 in) 
above the ground. Fire rings with 
adjustable grills should have a cooking sur- 
face at 475-600 mm (19-24 in) above the 
ground. A pedestal grill should have a 
cooking surface 750-900 mm (30-36 in) 
above the ground, and the grill must be 
able to rotate 360 degrees to allow users to 
ad|ust based on wind direction. Pedestal 
grills must also have at least 675 mm (27 
in) knee clearance. 

Water faucets and drinking fountains 
should have a spout height at no higher than 
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900 mm (36 in) from ground to spout out- 
let, and be easily operable. Placement of fix- 
tures on a hard, relatively level ground sur- 
face is recommended. Adequate drainage is 
important. (Refer to ADAAC sections 4.15 
Drinking Fountains and Water Coolers and 
4.27 Controls and Operating Mechanisms 
for more information on economic consider- 
ations of facility design.) 

5.5 Swimming Facilities 

Swimming Pooh; 

The advantages of pools over beaches 
include the control they afford over water 
depth, water temperature, and sanitation. 
The disadvantages of pools include their 
hard and slippery edges and surfaces, high 
noise levels, and size limitations. 
Alternative, accessible means of access for 
swimming pools fall into three general cat- 
egories: ramps, transfer tiers, and lifts. 

Additional Recommendations: 

1 A pool coping at sitting height, with 
grab bars, will allow easier access to 
the water for many individuals. The 
water level should not be too far 
below the coping. 

2. A ramp descending into the water, 
with handrails on both sides at a 
height of 850-950 mm (34-38 in) 
should be provided at the shallow end 
of the pool. The ramp should have a 
curb edging and a nonslip surface. 

3, A staircase descending into the water, 
also with handrails, should be provid- 
ed at the shallow end of the pool. 
Tiered transfer platforms are recom- 
mended (Figure 240-33). 



4. Underwater seating is necessary for 
resting and for those with limited 
mobility. The seating should be easily 
identifiable and should be isolated 
from swimmers jumping into the 
water from above. 

5. Mechanical lifts and swings are com- 
mercially available for raising and low- 
ering individuals into the water 

6. Moveable floors allow a person to 
transfer from a deck, which is then 
lowered to the pool 

7. A deep pool should not be specified 
unless diving is an objective. Floats 
and markings should warn swimmers 
of increasing water depth. 

8. No sharp or protruding objects should 
exist anywhere, and all corners should 
be rounded. All paving near the pool 
should have a nonslip surface. Figure 
240-34 shows an indoor pool 
designed according to the above- 
mentioned recommendations. 

Beaches: 

The advantages of beaches over swimming 
pools include their gradual water depth, 
their lack of slippery surfaces or hard edges, 
and the psychological benefit of an out- 
door, natural environment. Waves, sun- 
light, breezes, wildlife, fragrance, spacious- 
ness, and the general ambiance of the out- 
of-doors are beneficial qualities. Ideally, 
access to both a swimming pool and a 
nearby beach could accommodate the 
needs of all individuals and allow for diver- 
sity and flexibility in programming. 

Additional Recommendations: 




Figure 240-37. Accessible fishing 
docks and piers. The width oi a fishing 
dock or pier should allow the free move- 
ment of pedestrians when wheelchairs are 
perpendicular to the side railing. 

1 . Accessibility to the beach from parking 
lots, shelters, camping grounds, picnic 
areas, and other points of origin 
should be provided. A network of 
accessible routes should be provided 
for a wide range of recreational 
opportunities with minimal assistance. 

2. Beach gradients into the water should 
be 10 percent maximally. Drop-offs, 
abrupt bottom changes, bottom irreg- 
ularities, obstructions, and sharp 
objects should not exist in the water or 
on the beach, Ramps, stairways, and 
boardwalks at the water's edge and 
leading into the water are important 
for many individuals (Figure 240-35). 
Connected floating buoys should be 
used to delineate the extent of the 
swimming area and to discourage 
entry to deeper water (Figure 240- 
36). 

3. It is recommended that the accessible 
route extend to a point that is 900 mm 
(36 in) beyond the water's edge at 
high tide. 

5.6 Fishing and Boating 

Fishing: 

A variety of accessible fishing locations, 
which offer different types and levels of 
experience, integrated with all users, 
should be provided (Figure 240-37 and 
240-38). 

Accessible networks leading to fishing 
piers, docks, and boarding areas are neces- 
sary. Floating piers have the advantage of 
closeness to the water level but are often 
unstable, especially for those who use 
wheelchairs. 
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5HELF FOR TACKLE. ETC. WITH BACKING TO 
PREVENT ITEMS FTOM FAILING INTO WATER 



FOOTREST ALSO PREVENTS ITEMS FROM 
FALLING OFF THE PECK 



EXTENDED RAIL SUPPORT 
IS HELPFUL FOR ADDED 
STABILIZATION WHEN 
ENTERING BOAT 




SECTION 



PLAN 



l ZOO mm (*■) SHELVES WITH 1 BOO mm {&) 
OPENINGS BETWEEN 



Figure 240-39. Boat access. Devices 
which provide support botli on the dock 
and in the craft itself are of crucial impor- 
tance. Dock heights should he witlvn 450- 
600 mm (18-24") of the water to facilitate 
easier transference of people and gear from 
the boat to the dock. 



Figure 240-38. Handrailing detail for 
a fishing dock or pier. Handrailings 
should have a number of important fea- 
tures. 



PROVIDE LIFE RING 
AND LADDERS FOR 
USE IN EMER- 
GENCY 




ACCESS TO DOCK AREA SHOULD 6E ACROSS 
FROM FIRM PAVING SURFACE SUITABLE FOR 
WHEELCHAIR 

PROVIDE RAMP WITH MINIMUM BOO mm (SZ - ) 
CLEAR OPENING WIDTH AND MAXIMUM 
GRADIENT 10X 



PROVIDE SECURE HANDRAILS FOR SUPPORT 
AND TO PREVENT OBJECTS OR PEOPLE FROM 
FALLING INTO WATER 



Figure 240-40 General considerations for boat launching areas. Boat foundling 
areas for handicapped individuals require a variety of considerations and devices. 



Bask considerations of Fishing Stations 
include the following: 

1 . Location- Fishing stations on an out- 
door accessible recreation route 
should be located within 1/5 km (1/8 
mi) from accessible parking and facili- 
ties, in a highly developed (urban/ 
rural) area, and within 2/5 km (1/4 
mi) in moderately developed (natural) 



areas Capacity of fishing on a typical 
day's demand must be considered. 

Design- Surfaces of accessible fishing 
stations must be firm, stable, and not 
exceed a 3% cross slope in any direc- 
tion. A tactile distinction of the ground 
surface from the outdoor recreation 
access route is recommended Anglers 
need a minimum of 1 500 mm (5 ft) 



per angler, or 3 600 mm (12 ft) for 
two anglers, along the waters edge. 
2 400 mm (8 ft) of space behind the 
anglers are needed for unrestricted 
pedestrian circulation. 

3 Safety Ralls- In highly developed sites, 
safety rails are needed at a height of at 
least 800 mm (32 in) On moderately 
developed sites (more natural), safety 
railings may be constructed out of nat- 
ural materials such as rocks, logs, etc. 
Other amenities should be provided, 
such as armrests, tackle box shelves, 
etc., using materials appropriate to the 
level of development at the site. 

4 Curbs and Drop-offs- In highly devel- 
oped areas, edge protection of 100 
mm (4 in) high curbs should be pro- 
vided. 

5. Seating-should be provided to accom- 
modate non-fishing companions. 

6. Shade and shelter- should be provid- 
ed, if not naturally occurring at site 
However, vertical clearance should not 
be reduced to less than 3 600 mm 
(144 in) above the fishing station. 

Boating: 

Boarding a boat or small yacht is difficult, 
especially if the craft is small and buoyant 
Railings are absolutely necessary and 
should extend beyond the edge or end of 
the dock, providing support to individuals 
even while aboard craft (Figure 240-39). 
Devices to stabilize the craft while individu- 
als are boarding are very helpful 
Supportive devices (grab bars, etc.) on the 
craft are essential. However, railings or grab 
bars should not indiscriminately be added 
to a previously unequipped small craft, as 
the balance in its design may be adversely 
affected. 

Heavy, wide-bottomed boats with a low 
center of gravity offer the greatest stability 
and safety. Pontoons and platform boats 
are ideal. Narrow, buoyant boats such as 
canoes are easy to capsize and especially 
difficult to board. Boarding on the beach 
and then shoving off is advisable. 

Dock heights within 450-600 mm (18- 
24 in) of the water level allow easier access 
to boats than do greater heights. Tide fluc- 
tuation may have to be accommodated by 
means of ramps, stable floating platforms, 
and the like (Figure 240-40). 

The slopes of gangways should not 
exceed 1:12 (8.33%). 
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5.7 Spectator Areas 



HANDRAILS ON BOTH SIDES 



Figure 240-41, General considerations for accessible spectator stands. 

Space for wheelchair users should be located near entrance ramps to minimize maneu- 
vering through crowds. Access aisles should be maintained behind wheelchair users 




Spectator areas should be accessible by 
hard-surfaced ramps and safe stairways 
(Figure 240-41). (Refer to ADAAC sections 
4.8 Ramps and 4.9 Stairs for more informa- 
tion.) 

Additional Recommendations: 

1. Provide a choice in seating areas to 
whatever extent possible, including 
areas for extended legs and wheel- 
chairs. Comparable lines of sight, and 
choices of admission prices based on 
seating should be provided. Each 
wheelchair seating area must also con- 
tain fixed companion seating. Locate 
these areas near access ramps to min- 
imize the need for negotiating 
through a crowd. Refer to the table 
below for number of required wheel- 
chair positions based on capacity of 
seating, 

2. Protect special seating areas from 
excessive sun, wind, and rain to what- 
ever extent possible, 

3. Refer to ADAAG section 4.33 
Assembly Areas for more information 
on dimensional criteria, surfaces, 
access, etc, 

5.8 Parks and Playgrounds 

Parks and playgrounds should be accessible 
from adjacent communities and include a 
continuous accessible route throughout all 
play areas, connecting accessible activities 
within the play setting. The accessible route 
should promote social interaction and use 
of the play components between children 
A designer should consider all the ways 
interaction can occur across ability levels by 
designing systems of graduated difficulty of 
access to challenge growing children of all 
abilities. Challenging equipment should be 
placed in the vicinity of less challenging 
equipment to facilitate interaction among 
different ability levels, safety permitting. 

Playground surfaces must conform to 
unique safety standards Within 2 400 mm 
(8 ft) of play equipment which is more than 
500 mm (20 in) off the ground, an accessi- 
ble path must also be shock-absorbing. 

Both structured play facilities and oppor- 
tunities for creative, imaginative, non struc- 
tured play are important features of a play 
environment (Figure 240-42 and 240-43). 

Preferences for these two types of play 
vary among individuals, some responding 
more positively to one type of play than to 



another Diverse opportunities for children 
to interact with their environment should 
be provided to accommodate all levels of 
ability and need. 

An accessible path is required to 
approach play equipment, at which point a 
low platform can serve as a transfer point 
onto the equipment. The platform should 
be 275-350 mm (11-14 in) off the ground 
for children under age five, and 300 425 
mm (12-17 in) off the ground for children 
between five and twelve years old An 
adjacent clear ground space of at least 
1 500 mm (5 ft) in diameter is needed, in 



Table 240-9. CAPACITY OF SEATING 
IN ASSEMBLY AREAS 



4 to 25 1 

26 to 50 2 

51 to 300 4 

301 to 500 6 

over 500 6* 



"plus 1 additional space for 
each total seating capacity 
increase of 100. 
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AREA 900 mm 
RAISED SAND AREA ALLOWS PERSON 
WHEELCHAIR TO ENJOY USE OF SAND 
WITHOUT REMOVAL FROM CHAIR. 



Figure 240-42. Accessible basketball. 

Basketball hoops lowered to 2 100 mm (7 
ft) from the standard 3 000 mm (10 ft ) 
height allow wheelchair usen and young 
children greater enjoyment of the game. 

addition to space at least 750 by 1 200 mm 
(30 by 48 in) outside the fall zone for 
"parking" wheelchairs. The platform itself 
should have a surface of at least 600 mm 
(2 ft) wide and 350 mm (14 in) deep, with 
handholds recommended. A path is also 
required from the platform to the rest of 
the play equipment. 

The physical organization of a park or 
playground should be readily comprehensi- 



Figure 240-43. Accessible sand area. Elevated areas containing sand or water allow 
access by wheelchair users. 



ble by those with visual impairments who 
rely on cognitive mapping for orientation. 

Adult supervision of play areas is usually 
necessary. Its extent varies according to 
user abilities, user numbers, and the type of 
facility. 

Recommendations for parks and play- 
grounds may also be found in the 
Recommendations for Accessibility 



There are several important (actors which require consideration in the design and 
physical organization of accessible recreation facilities. These factors assure the safe- 
ty, ease of mobility, ease of orientation and communication for a broadly defined user 
group. 

1 . Provide hard surfaces with adequate ramps for accessible networks which adjoin 
and circulate throughout facilities. Hard surfaces near play equipment must also 
meet shock-absorbing requirements. 

2. Provide signage with visual and textural cues for information and descriptions 
(Figure 240-28). 

3. Provide level ground surfaces for camping, picnicking, and fishing stations (Figure 
240-30 - 240-32, Figure 240-37 and 240-38). 

4. Provide accessible routes for swimming pools and beaches (Figure 240-33 • 240- 
36). 

Provide varied lines of site tor accessible seating in outdoor assembly areas (Figure 
240-41). 

Integrate accessible routes and equipment into parks and playgrounds. 
Avoid hazardous elements such as steep slopes, dangerous or noxious plants, heavy 
vehicular traffic, and unexpected level changes, or provide significant barriers for 
safety. 

Design trails for physical disabilites ranging from full wheelchair access to limited 
walking access, creating a variety of wilderness or recreation experiences and chal- 
lenges (Table 240-6 and 240-7) 

Provide amenities in central locations, preferably within maximum distances allowed 
for by regulations. 



8 



Guidelines: Recreational Facilities and 
Outdoor Developed Areas publication, list- 
ed at the beginning of this section. In addi- 
tion, books are available on the topic and 
the Office of the Americans with 
Disabilities Act is currently proposing a set 
of recommendations be published. 

5.9 Jogging Paths 

Dimensions of jogging paths and trails will 
vary according to use patterns and should 



ROUGHLY TEXTURED 
EDGES AS TEXTURAL 
GUIDE, 

E5FECIALLY AT 
TURNS IN PATHWAY. 




Figure 240-44. Jogging path for use 
by individuals with visual impair- 
ments. Textural and visual cues along jog- 
ging paths, especially at turns in the path- 
way, can aid those with visual limitations 



1/1 

<u 
u 
w 

< 

i~ 

O 
O 



o 
n 



Time-Saver Standards for Landscape Architecture 



240-24 



be made safe for all types of users. Where 
bicyclists, walkers, roller skaters and skate- 
boarders will also use a pathway, an ade- 
quate means of separation or cooperation 
between user groups is advisable 

A variety of access points on long jog- 
ging or bike trails with accompanying 
accessible parking allows more users to get 
on and off the trail at different areas. 

Signage is important and should accom- 
modate those who are sighted, those with 
limited vision, and also those who are blind. 
Textural and visual cues on ground surfaces 
are helpful. Textured path edges, especially 
at turning points, also aid negotiation. A 
brightly colored or contrasting center stripe 
helps those with limited vision stay on 
course and can also serve to separate vari- 
ous functions (Figure 240-44). 
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1.0 INTRODUCTION 



Earthquakes are essentially vibrations of 
the earth's crust caused by subter- 
ranean ground faults or movements. 
They can cause injury or death to people 
and animals, damage or destruction to 
structures and landscapes. They create pri- 
mary hazards such as surface rupturing, 
displacement of land, ground shaking, 
earthquake-induced ground failures, and 
oscillation of water surfaces. Secondary 
hazards are landslides, fires, floods, subsi- 
dence, and tsunamis (large sea waves) 
[Refer to Sections 253 through 255 for 
information on other types of natural 
hazards]. 

The data presented in this section is not 
a general discussion of earthquakes. It 
seeks to focus on how the potential risks 
associated with earthquakes should influ- 
ence (a) land use planning and (b) design 
and engineering of landscapes, structures 
and infrastructure systems. Some of the 
references listed at the end of this section 
contain additional general and technical 
information In all cases, it is assumed that 
professional expertise will be needed to 
determine the detailed design and engi- 
neering requirements for all large man- 
made structures and major earthworks. 



2.0 CAUSES OF EARTHQUAKES 



2.1 Plate Tectonics 

The earth's crust and upper mantle are 
composed of a mosaic of 80- to 100-km- 
(50- to 60-mile) thick rigid plates which 
move slowly and continuously over the 
interior of the earth resulting in pressure, 
separation or sliding at plate edges. As 
these plates move, strain accumulates, 
eventually causing faults along boundaries 
when the plates slip abruptly. The resultant 
release of stress, which usually occurs with- 
in a few cubic kilometers of the earth's 
crust, is called an earthquake. Figure 252-1 
shows the major tectonic plates of the 
world. Figure 252-2 shows the world-wide 
distribution of earthquakes occurring in the 
mid- to late-20th century, up to 1987 

2.2 Other Causes 

Other causes of earthquakes include vol- 
canic activity, injection of liquid wastes into 
susceptible rock strata, and the weight of 
new large dams and their associated reser- 
voirs. 



Table 252-1. MODIFIED MERC ALU INTENSITY SCALE 

I. Not felt except for a very few unfa exceptionally favorable circumstances. 

II. Felt by persons at rest, on upper floors, or favorably placed. 

III. Felt indoors, hanging objects swing, vibration similar to passing of light trucks; duration may be 
estimated; may not be recognized as an earthquake. 

IV. Hanging objects swing, vibration similar to passing of heavy trucks, or sensation of a |olt similar 
to a heavy ball striking the walls, standing motor cars rock; windows, dishes, and doors rattle; 
glasses clink and crockery clashes, in the upper range of IV wooden walls and frames creak. 

V. Felt outdoors; direction may be estimated; sleepers wakened, liquids disturbed, some spilled; small 
unstable objects displaced or upset doors swing, close, or open; shutters and pictures move, pen- 
dulum clocks stop, start, or change rate 

VI. Felt by all; many frightened and run outdoors; walking unsteady, windows, dishes and glassware 
broken; knickknacks. books, etc , fall from shelves and pictures from walls; furniture moved or 
overturned; weak plaster and masonry D" cracked; small bells ring (church or school); trees and 
shrubs shaken (visibly, or heard to mstJe). 

VII. Difficult to stand; noticed by drivers of motor cars; hanging objects quiver; furniture breaks, dam- 
age to masonry D, including crack-., weak chimneys break at roof line; fall of plaster, loose bricks, 
stones, tiles, cornices (also unbraced parapets and architectural ornaments); some cracks in 
masonry C; waves on ponds: wjter turbid with mud; small slides and caving in along sand or 
gravel banks, large bells ring; concrete irrigation ditches damaged 

VIII. Steering of motor cars affected, damage to masonry C or partial collapse; some damage to mason- 
ry B*. none to masonry A"; fall of stucco and some masonry walls, twisting and fall of chimneys, 
factory stacks, monuments, towers and elevated tanks; frame houses moved on foundations if not 
bolted down; loose panel walls thrown out; decayed piling broken off, branches broken from 
trees; changes in flow or temperature of springs and wells; cracks in wet ground and on steep 
slopes 

IX. General panic; masonry D destroyed: masonry C heavily damaged, sometimes with complete col- 
lapse, masonry B seriously damaged: general damage to foundations; frame structures, if not bolt- 
ed, shifted off foundations; frames racked; serious damage to reservoirs; underground pipes bro- 
ken; conspicuous cracks in ground; in alluviated areas sand and mud ejected, earthquake foun- 
tains and sand craters appear. 

X. Most masonry and frame structures destroyed with their foundations; some well-built wooden 
structures and bndges destroyed; senous damage to dams, dikes, and embankments; large land- 
slides; water thrown on banks ot canals, rivers, lakes, etc.; sand and mud shifted horizontally on 
beaches and flat land: rails bend slightly. 

XI. Rails bent greatly; underground pipelines completely out of service. 

XII. Damage nearly total; large rock masses displaced; lines of sight and level distorted; ob|ects thrown 
into the air 



'Masonry A. 8. C, and D as used In MM Stale above: 

Masonry A Good workmanship, mortar, and design; reinforced, especially laterally, and bound together by using 
steel, concrete, etc ; designed to resist lateral tarns. 

Masonry 8: Good workmanship and mortar, reinforced, but not designed m detail to resist lateral forces 

Masonry C: Ordinarywortcmanshipandmort.irnoextremeweaknessesliketailingtolieinafcorners. but neither reinforced 

nor designed against horizontal forces. 

Mayinry O Weak malenals, such as adobr poor mortar low standards of workmanship, weak honzontiilly 



3.0 MEASUREMENT 



Intensity and magnitude are two types of 
measurement that are used to determine 
the severity of earthquakes. 

Intensity describes the degree of shaking 
at a specified place. The most widely used 
intensity scale is the modified Mercalli scale 
(MM) (Table 252-1). Other scales in inter- 
national use are shown in Table 252-2. 

Magnitude indicates the size of an 
earthquake, independent of the place of 
observation. It is calculated from amplitude 
measurements and is expressed in decimal 
numbers on a logarithmic scale. The most 
used magnitude scale is the Richter scale 
(M). Figure 252-3 shows energy release 



equivalents on the Richter scale and illus- 
trates the magnitude of several well-known 
earthquakes. 



4.0 EFFECTS OF EARTHQUAKES 



Earthquakes create several separate, but 
often related actions and reactions. These 
are described briefly below. Data about 
each of their impacts on land uses, site and 
building planning, design and construction 
is provided in subsection 5.0. 

4.1 Faults and Fault Displacements 

A fault is a fracture within the earth's crust. 
Fault displacement is the movement of two 
sides of a fault caused suddenly during an 
earthquake, or develops slowly as a tecton- 
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Figure 252-1. Major tectonic plates of the world, mid-ocean ridges, trenches and transform faults [After C. AA. R. 
Fowler, 1990]. 



Table 252-2. CONVERSION TABLE FOR SEISMIC INTENSITY SCALES 
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Figure 252-2. Seismicity map of the world. The dots indicate the distribution of seismic events in the mid-to-late 20th century. 
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ic creep. Displacement may be horizontal, 
vertical or both and vary from a few cen- 
timeters to several meters. Faults are classi- 
fied based upon the geometry and direc- 
tion of slippage. Figure 252-4 illustrates 
the types and names of their components. 
Typically, major faults have several parallel 
and interleaved minor breaks or "blind 
faults" in a zone of considerable width. 

Most faults shown on geological maps 
are considered active if they have moved 
during the past 1 1 ,000 years. They are clas- 
sified "possibly active" if they have moved 
during the past 3 million years, and faults 
that have not moved in the past 3 million 
years are considered inactive. 

4.2 Ground Shaking and Directions 
of Seismic Waves 

Ground shaking occurs when a fault rup- 
tures during an earthquake sending seismic 
waves in all directions. This causes the 
ground to vibrate at frequencies ranging 
from about .1 to 30 Hz. Figure 252-5 is a 
diagrammatic illustration of surface seismic 
waves. Epicenter is the point on the earth's 
surface vertically above the subsurface 
point where the fault rupture originated. 
The frequency and amplitude of the surface 
vibrations or seismic waves are measured 
by the amount of mechanical energy 
released at the focus, the distance to and 



depth of the focus, and the structural prop- 
erties of surrounding soil and bedrock. 

Figure 252-6 is a map of peak horizontal 
ground acceleration expected within a 50- 
year period in the continental United States 
underlain by rock. There is a 10 percent 
probability that these values will be exceed- 
ed within a 50-year period. 

During earthquakes there are often small 
areas of very high seismic intensities which 
may be caused by special conditions within 
or near this area. One such condition is 
where there are nearby rocky-hills or 
mountains adjacent to flatter land whose 
subsurface contains wedge-shaped layers 



of geological materials. Depending on the 
direction of propagation of the energy- 
waves, the results can be quite different. 
Figure 252-7 illustrates an example where 
the focal point of the earthquake is near 
the hill or mountain. As the wedge of 
materials deepens, it increases the amplifi- 
cation of the seismic energy-waves. Thus, 
any major structures located above this 
zone may be susceptible to much more 
damage. 

The reverse can also happen. Figure 
252-8 shows the direction of propagation 
toward hills or mountains through layers of 
decreasing depths. In such cases the unit of 



m 



Earthquakes create several separate, but often related physical actions and reactions. 

1. Faults, or fractures within the earth's crust, are the most obvious effect from seismic 
movement Most faults are considered active if they have moved during the past 
11,000 years 

2. Ground shaking is caused by seismic waves released during an earthquake. There are 
often small areas of very high seismic intensities which may be caused by special 
conditions, such as the presence af rocky hills or mountains. 

3. Flow failures are the most catastrophic type of ground failure resulting from earth- 
quakes Failure by liquefaction is most dangerous in marshes, wetlands and along 
shorelines. Lateral spreading typically occurs in relatively flat landscapes, such as 
flood plains. 
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Figure 252-3. Riehter magnitude 
scale. This graph shows the amount of 
energy released by earthquakes of different 
magnitudes. 




i 252-4 Types of faults.: (a) names of components, (b) normal fault, (c) reverse 
fault, (d) left-lateral strike-slip fault, (e) left-lateral normal fault, and (f) left-lateral 
reverse fault. 



seismic energy increases as it nears the tip 
of the layer, Again, structures located 
above this zone can be subjected to much 
higher seismic energies and become more 
susceptible to structural and other types of 
damage, 

4.3 Earthquake- Induced Ground 
Failures 

There are three major types of ground fail- 
ures. All have some connection with the liq- 
uefaction of underlying geological materials. 

Liquefaction: 

Liquefaction is a temporary condition when 
seismic waves pass through saturated lay- 
ers of granular materials (such as sand or 
silt). These waves cause the voids in this 
material to collapse, or for a short time, 
causes the material to behave as a fluid and 
as a result lose its bearing capabilities This 
material must be within about 30 m (100 




Figure 252-5. Directions of vibration caused by body and surface seismic waves 
generated during an earthquake. When a fault ruptures, seismic waves are propagated in 
all directions, causing the ground to vibrate at frequencies ranging from about 0. 1 to 30 
Hz. 
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Figure 252-6. Peak horizontal ground acceleration expected at sites in the 
contiguous United States underlain by rock in a 50-year period (from 
Algermissen and Perkins, 1976). This map represents the ground-shaking hazard in 
terms of the peak amplitude of horizontal acceleration, one characteristic of the strength 
ol the seismic shaking. Locations having the same value of peak acceleration are con- 
nected with a contour line. Values shown on each contour and on the map are percent- 
ages of the acceleration of gravity. There is a 10 percent probability that these values will 
be exceeded in a 50-year period. This map takes into account the relative differences in 
rate of seismic activity in the eastern and western United States. Areas where peak accel- 
eration exceeds TO percent of the acceleration of gravity are shaded. The largest values 
shown, along the California coast, are 80 percent of gravity. 
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_C Figure 252-7. Propagation of seismic waves away from a hillside. As the wedge 
■fcj of materials deepens, the amplification of the energy-waves increases, resulting in i 
damage to structures located above the zone of resonance. 
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Figure 252-8. Propagation of seismic waves toward a hillside. The seismic ener- 
gy increases as it nears the surface of the alluvium. Structures located above this zone can 
be more susceptible to damage. 



ft) of the surface to have a dramatic effect. 
The greatest dangers from liquefaction will 
occur in marshes, wetlands or along shore- 
lines. 

Lateral spreads: 

Lateral spreads occur when the earth's sur- 
face slowly moves in mass over a subsur- 
face plane. Lateral spreads of 3 to 5 m (10 
to 15 ft) can occur on relatively flat (1 to 7 
percent) slopes. If the earth shakes for a 
long duration then the lateral spreads can 
become as great as 30 to 45 m (1 00 to 1 50 
ft). Deposits of soil in flood plains are par- 
ticularly vulnerable to lateral spreading 
toward river channels 

Flow failures: 

Flow failures are the most catastrophic type 
of ground failure. They are caused by large 
blocks of intact material being moved on a 
layer of liquefied materials. These flows 
may be very large (e.g., 1.5 km 2 (1 mi 2 ) 
and may move many meters or even kilo- 
meters, at velocities reaching tens of kilo- 
meters per hour. Flow failures usually 
involve layers of saturated sands or silts on 
slopes greater than 6 or 7 percent. When 
these flow failures occur under water they 
can cause large sea waves (tsunamis) which 
can damage inhabited coastlines. 



5.0 ASSESSING EARTHQUAKE 
RISKS AND LOSSES 



This data is intended to help reduce the 
risks related to earthquakes in preliminary 
site and large area planning and design. Six 
steps are recommended to assess and miti- 
gate the possible seismic risks for both local 
and regional use. 

1. Evaluate Seismic Hazards and Risk. 
This involves estimating the various 
seismic risks for an area or site. This 
includes estimating the predicted loca- 
tion, duration, and intensity of future 
earthquakes. Despite numerous stud- 
ies of recent earthquakes seismic sci- 
entists worldwide have little confi- 
dence in their ability to predict earth- 
quakes. 

2. Determine the Design Earthquake 
The design earthquake is usually the 
hypothetical maximum event expect- 
ed on the largest fault in the area. It 
may represent a single large earth- 
quake or a series of earthquakes of 
different magnitudes. It is based upon 
the following data: 

a. Seismic history of any fault and 
its surrounding area to determine 
the rate of slip or ground defor- 
mation. 
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Figure 252-9. Diagrams of lateral soil pressures for a) gravity design; b) gravity 
plus seismic design loads; and c) shear key to resist horizontal movement of footing. 



Geologic evaluation of the exist- 
ing tectonic structure of the area 
and site. 

The relationship between the 
magnitude of potential earth- 
quakes and the length of present 
faults 



Seismic Inventory and Zonation. 
Seismic zonation involves inventory 
and mapping an area for its potential 
for each type of seismic hazard, such 
as surface faulting, ground shaking, 
flooding, liquefaction, and land-slid- 
ing. These maps are used to make 



composite maps showing the total 
potential seismic risks for each zone. 
The accuracy of establishing seismic 
zones depends on the level of detail 
and the accuracy of the basic geologic 
mapping. Geographical information 
systems (GIS) can be used to produce 
detailed computer generated maps 
showing the assessment of a variety of 
risks that could affect a particular city 
or a region. The application of GIS 
based upon data obtained from 
remote sensing and other sources 
should be a high priority for public 
authorities and private sector users of 
land who are concerned with disaster 
mitigation and management. 

4. Evaluation of Land Uses. Structures & 
Human Occupancies. The next step in 
risk assessment is identification and 
evaluation of the vulnerability of vari- 
ous types of land uses and structures 
to damages related to earthquakes. 
This calls for an inventory and analysis 
of existing and proposed land uses, 
structures and associated dangers to 
humans that could be caused by the 
assumed design earthquake, 

5. Regulations Based on Seismic Risk. In 
many locations (local, state and /or 
national), building codes and land use 
regulations are expected to help 
reduce seismic risks. For instance, in 
the U.S. there is a Uniform Building 
Code which is revised every year but 
only published every three years. In 
addition, some individual states and 
localities have subdivision regulations, 
zoning ordinances, and building codes 
that require special geological studies 
of an area if it is within an identified 
seismic risk zone. 

6. Impacts of Earthquakes on Major 
Structures & Systems. This step deter- 
mines specific mesaures to avoid, 
reduce, or mitigate any seismic risks 
found within the study site or area. 



6.0 LAND PLANNING, DESIGN & 
CONSTRUCTION IN SEISMIC 
ZONES 



It is far less risky and less expensive to not 
build in or near seismically active areas. 
Unfortunately, as Figures 252-2 and 252-6 
show, many of the world's largest and most 
rapidly growing metropolitan regions are 
located in seismic areas. If potentially active 
seismic areas cannot be avoided, there are 
several useful guidelines to help reduce dif- 
ferent types of potential seismic risks. 
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Figure 252-10. Methods to mitigate settlement of bridge buttresses. 




ONE SPAN OF BRIDGE FELL OFF ITS SUPPORT 



Figure 252-11. Diagram of bridge 
span that has fallen off of its support 
due to earthquakes. 

In all cases, consultation with a profes- 
sional engineer who specializes in seismic 
hazard is essential to help identify and 
determine the potential hazards and what 
measures that should be taken to overcome 
or mitigate threats associated with earth- 
quakes. It should be noted that most seis- 
mic experts are seldom able to predict 
which types or magnitudes of earthquakes 
and resulting effects will occur in a specific 
place or to a specific structure. Thus, seis- 
mic experts must rely on use of a rational 
process based upon facts, as well as per- 
sonal experience. 

6.1 Responses to Potential Ground 
Failures and Faults 

Identification of the potential ground fail- 
ures and faults can only be estimated by 
detailed geological investigations guided 
and interpreted by professional engineers 



who specialize in such work If potential 
hazards are identified for a site, use of deep 
foundations, pilings or other major counter 
measures may be necessary in areas subject 
to settlement or loss of bearing strength. 

Major structures (buildings, roadways, 
bridges, storage tanks, and utility lines) 
should not be built on or near fault lines. 
For certain kinds of land uses where many 
human lives are involved (such as hospitals, 
schools, etc.) there may be a need for alter- 
native or temporary ways to assure vehicu- 
lar and utility access. 

6.2 Dangers of Hilltops and 
Regraded Hillsides 

Hillsides and ndges amplify seismic vibra- 
tions and motions. This is confirmed by 
research and field observations of the 
recent Northridge and Loma Prieta 



Table 252-3. SEISMIC COEFFICIENTS FOR EARTH-RETAINING STRUCTURES 



Seismic coefficient <i = (a/g) 



Importance category - 



Zone A 



Zone T 8 



Zone 7 C 



24 
0.17 



0.18 
0,13 



0.12 
009 



• 1 : Major retaining walls supporting Important structures or services where failure would have disastrous 
consequences, such as cutting vital services or causing serious loss of life. 

2: Free-standing structures at least 20 ft (6 m) high, not in locations as in category 1 . but where replace- 
ment would be difficult or costly and other consequences would he serious. 



3: For less important structure; 



above, no specific provision for earthquake loading need be made 



t New Zealand Seismic Zones Zone A represents moderately high seismic risk on a world scale, the 
maximum design earthquake being of magnitude 7 8, approximately 

Scwm D i Downck Earthquake Return Design lohn Wiley & Sons Ltd Chkeslw England 1977 



Development in areas of seismic activity should be avoided whenever possible. If 
these areas cannot be avoided, there are several useful guidelines and rules of thumb 
to help reduce different types of potential seismic risks. 

1. Consultation with a professional engineer who specializes in seismic hazard is essen- 
tial to determine the potential hazards, building code requirements, and appropriate 
measures that should be taken to overcome or mitigate threats associated with 
earthquakes. 

2. Major structures should not be built on or near fault lines. If potential ground fail- 
ures are identified for a site, use of deep foundations or pilings may be necessary. 

3. Hillsides and ridges are particularly hazardous in areas of seismic activity. All efforts 
should be made to avoid development in these areas. 

4. It is best to place the length of retaining devices perpendicular to the anticipated 
direction of the seismic waves, although the intricacies of many fault zones makes it 
difficult to predict the direction of seismic activity. 

5. The design and configuration of buildings placed in earthquake hazard areas Is 
important in minimizing damage. Generally, larger and taller structures are more sus- 
ceptible to damage, and square plans are preferred (Figure 252-19). 
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Figure 252-12. Structural damage intensity for different-height buildings related to 
depth of soil and computed fundamental period of soil deposit. N = number of stones. 
Where the fundamental period of a soil deposit is short (between 0.6 and 0.8 sec.) the 
greatest damage will occur to buildings from five to nine stories tall. With longer soil peri- 
ods, the damage intensity to higher structures increases. 
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Figure 252-13. Pendulum action. 

building acts like a pendulum with respect 
to the ground. 



Figure 252-14. Effects of cyclic 
reversals of ground acceleration. At 

the same time that tfie upper pari of a 
structure begins to move to catch up with 
the initial displacement, the ground 



motion reverses itself. 



Earthquakes in California. Developing these 
sites tends to result in complicated founda- 
tions for major structures, and the dramat- 
ic reshaping of hilltops and hillsides which 
often requires use of retaining structures 
which can become unstable during earth- 
quakes As a result, development of these 
sites should be avoided whenever possible 

6.3 Retaining Walls and Similar 
Structures 

Retaining walls or structures do not typical- 
ly fail completely during earthquakes. More 
often, they are shaken out of alignment or 
suffer significant damage. Where possible, 
it is best to place the length of the retaining 
devices at right angles to the expected 
direction of the seismic waves. However, 
seismic areas may have many unknown 
minor or so-called "blind faults" which 
make it difficult to predict the direction of 
potential earthquakes Table 252-3 shows 
how the New Zealand Ministry of Works 
classifies earth retaining structures and rec- 
ommends seismic coefficients for these 
structures when they are located in seismic 
zones. 

Figure 252-9 illustrates how retaining 
walls in seismic areas need to resist the nor- 
mal assumed fluid pressure behind a wall 
with or without surcharge and the passive 
soil mass behind the wall. In situations 
where a footing rests on clay or a similar 
"slick" material, a shear-key should be 
added to help the wall resist passive soil 
movement created by earthquakes. 

6.4 Bridges and Similar Structures 

The design of major bridges for vehicular 
traffic is a special field for structural engi- 
neers (See publications by the U.S. Applied 
Technology Council on Seismic Design 
Guidelines for Highway Bridges; ATC-6 or 
6-1 and 6.2.). Bridges for lighter vehicles, 
footbridges, decks and boardwalks, stairs, 
and ramps are often designed by landscape 
architects and building architects. 
Earthquakes can cause damage to these 
structures. The following describes a few 
common problems and solutions to be con- 
sidered when planning, designing and con- 
structing such structures in seismic areas 
(Refer to Section 470: Pedestrian Bridges, 
and Section 460: Wood Decks and 
Boardwalks for additional design informa- 
tion). 

Earth settlement & loss of support: 

Earthquakes cause settlement of most fill 
materials adjacent to and behind buttress- 
es, retaining walls of bridges, and under the 
foundations for bridges, retaining walls, 
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Figure 252-15. Torsion effect on a building plan. Building on left shows rotation 
of the mass of an east-west wing relative to the mass of a north-south wing. The draw- 
ing on the right shows a regular plan building with asymmetrical stiffening In a rectan- 
gular building with a very stiff off-center core area and with the remainder of the struc- 
ture flexible, torsion will develop in the flexible portion around the stiffer core. 




Figure 252-17. Stiffness of a structure 
related to building plan. The north-south 
wing of an L-shaped building will be rela- 
tively stiffer if its long axis is parallel to the 
earthquake motion. The east-west is shallow 
in the direction of the earthquake motion, 
and unless designed to have adequate 
capacity to absorb and dissipate the forces, it 
can suffer greater damage. 

and similar "earth-supported" structures. 
This settlement can interrupt the continuity 
of the travel surfaces leading to and from 
bridges by several millimeters, which could 
be dangerous or even prevent movement 
of most vehicles. Figure 252-10 illustrates 
one method to prevent or reduce such 
dangers. 

Bridge structures moved off support: 

Earthquakes cause lateral spreading of the 
buttresses and can rock bridges, aerial 
walkways, etc. off their bearing plates or 
off their supports unless appropriate 
restraining devices or other techniques are 
employed (Figure 252-11). 




Figure 252-18. Stiffness of a structure 
related to building plan. The nortii-south 
wing ol a T-shaped building will be relative- 
ly stiffer if its long axis is parallel to earth- 
quake motion. The east-west wing is shal- 
low in the direction ot the earthquake 
motion, and unless designed to have ade- 
quate capacity to absorb and dissipate the 
forces, it can suffer greater damage. 

6.5 Buildings and Other Major 
Structures 

Site selection and placement of buildings 
and other large structures are a fundamen- 
tal initial consideration in seismically active 
areas. 

The second most important considera- 
tion is the massing of the building elements 
and the continuity of various structural sys- 
tems These will affect the ability of a struc- 
ture to resist or survive damage from seis- 
mic forces. Buildings with complex masses 
(different floor heights and wings), varia- 
tions in the size and number of openings, 
etc., present very complex problems to 
quantitatively determine their resistance to 
seismic damage and provide for human 




Figure 252-16. Oblique view of ver- 
tical torsion effect. Where the upper 
stories of a tall structure have a greater 
floor area than those below, torsional 
problems can result because of vertical 
accelerations. 

safety. In the past, most structures were 
planned, designed and constructed without 
significant regard to their seismic implica- 
tions (See reference list at end of this sec- 
tion for sources on seismic design of 
buildings). 

Most damage to structures occurs dur- 
ing the first moments of the earth shaking 
nearest the epicenter. There can sometimes 
be greater danger from cumulative earth- 
quake damages. These are caused by sev- 
eral earthquakes occurring over a period of 
time, each one causing limited damage. 
After a series of such events, even a minor 
aftershock could trigger major structural 
damage or collapse. 

Tall structures (buildings, storage tanks 
or observation towers, etc.) and low, long 
structures (bridges, stadia, dams, retaining 
walls, etc.) are more vulnerable to the sub- 
sequent effects of seismic waves. Some 
structures respond by vibrating at various 
frequencies, depending on the shape, size, 
and structural system Adjacent structures 
with different characteristics may each 
vibrate at their own frequencies. This may 
cause them to strike each other and may 
inflict severe damage. 

Tall structures have longer rates of vibra- 
tion, or fundamental periods, and there- 
fore, are subject to greater damage if built 
on deep soils which may have equally long 
fundamental periods. Figure 252-12 shows 
the potential damage to buildings of differ- 
ent heights based upon the soil conditions, 
etc. Figures 252-13 through 252-18 show 
how some types of structures may be 
effected by earthquake vibrations. These 
vibrations cause the ground to oscillate in 
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by governments. Often national profes- 
sional and trade associations have estab- 
lished more stringent codes and guidelines 
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Earthquake Engineering Research Institute 
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National Earthquake Information Center. 
MS-967, PO Box 25046, Federal Center, 
Denver, CO 80225 

Natural Hazards Research & Applications 
Info. Center, Univ. of Colorado, Campus 
Box 482, Boulder, Colorado 
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Figure 252-19 Simple rules for plan layouts and elevation shapes to mini- 
mize seismic hazards. These rules should be broken only with dynamic analysis and 
careful detailing. 



all directions, creating random motions of 
varying frequencies. Torsional effects on 
such structures are difficult to assess and 
can be very destructive. Both the configu- 
ration of the plan and/or vertical massing 
of large structures can have significant 
influence on the structure's ability to with- 
stand ground shaking. 

Figure 252-19 shows simple rules for 
preparing plans and elevations for large 
structures. Generally, square or nearly 
square plans are preferred Rigid vertical 
elements (such as stair towers, etc.) should 
be placed symmetrically within the struc- 
ture. If a square plan is not possible, anoth- 



er alternative is to divide the structure into 
more-or-less free standing segments by 
creating gaps of at least 100 mm (4 in) in 
width. Detailing of these gaps is complex 
but will help prevent or reduce pounding 

6.6 Building Codes 

Building codes have been established in 
most parts of the world to dictate minimum 
requirements for the construction of major 
buildings and other structures where 
human safety and welfare is a concern. 
Such codes typically include consideration 
of seismic factors. Building codes are typi- 
cally national or local standards developed 
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1.0 INTRODUCTION 



This section describes the hazards of land- 
slides and snow avalanches. Landslides are 
defined as the mass movement of any 
combination of rock or soil down a slope. 
Slope movement results from the action of 
gravity and climate on geologic materials. 
Figure 253-1 identifies and defines the 
common features of a landslide. 

Snow avalanches are defined as the 
rapid downward movement of a mass of 
snow, originating on steep slopes, often 
carrying ice, rock, and debris that con- 
tribute to its potential destructiveness. 



2.0 LANDSLIDES 



2.1 Types of Landslides 

The most widely used classification of land- 
slides is based on the predominant type of 
mass movement that occurs and the type 
of material involved. Landslides are also 
described by their velocity. 

Movement: The type of movement is one 
of the principal criteria for classifying land- 
slides and determining an appropriate miti- 
gation strategy. Table 253-1 lists the five 
distinct types of landslide movement. 
Complex landslides may also occur, consist- 
ing of two or more movement types occur- 
ring in succeeding stages. 

Material: The type of material can be 
described as either rock or soil. Soil is fur- 
ther divided based on particle size Into 
earth, predominantly fine soil particles, or 
debris, consisting of predominantly course 
particles. 

Velocity: Table 253-2 lists the landslide 
velocity scale. The destructive significance of 
a landslide is often affected by the velocity of 
movement. Escape is unlikely with extremely 
rapid landslides [5 m/sec (17 ft/sec)]. In con- 
trast, very slow and extremely slow move- 
ment [less than 1 .6 m/year (5 ft/year)] will 
cause little damage in some cases and may 
even be imperceptible. 

2.2 Causes of Landslides 

Landslides occur when the strength of a 
mass of soil and/or rock comprising a slope 
is less than the downhill pull of gravitation- 
al force upon it. The balance of forces on a 
stable slope can be shifted either by 
increasing the weight of materials or by 
decreasing its resistance to sliding. 

Table 253-3 lists common causes of 
landslide movement, and table 253-4 
describes geologic conditions that are high- 



ly susceptible to landslides. Landslides often 
accompany flooding or heavy rains. 
Unusually wet conditions will increase the 
weight of the slope and decrease the fric- 
tion between soil particles. Erosion or cuts 
at the base of a slope can cause weakening 
and sliding. Earthquakes ire another 
important cause of landslides. Landslides 
can also be caused by human activity 
Construction, removal of protecbve vege- 
tation, or activities which cause vibration in 
the soil (blasting, heavy equipment, etc.) 
can upset the balance of forces acting on a 
slope. Common human activities that 
increase the potential for landslides include: 

1. The placement of earth and other 
heavy fill materials on a slope, which 
increases the downward force acting 
on the slope 

2. The construction of roads, buildings 
and other types of structures, which 
increases both the load and the water 
infiltration. 

3. The use of on-site sewage disposal 
systems, the construction of pnnds. 
and the use of sprinkler systems, all of 
which increase the infiltration of water 
into a slope and increase its tendency 
to slide. 

4. The grading of a site which results in 
undercutting the toe of a vulnerable 
slope. 

2.3 Estimation of Landslide Hazard 

Figure 253-2 is a landslide susceptibility 
map developed by the U.S Geological 
Survey; the map is based on both the phys- 
ical conditions which make landslides possi- 
ble (bedrock geology, soils, slopes, and pat- 
tern of rainfall) and on recorded occur- 
rences of landslides. Systematic mapping 
and registration of landslides has been con- 
ducted in a number of countries where 
slope instability has caused serious prob- 
lems. This data Is useful for ascertaining a 
generalized view of the landslide potential 
of a region during the land planning 
process. Such maps are not meant to be 



used to determine the potential for land- 
slides on a particular site. 

In the United States, more-detailed 
maps of landslide hazards have been pre- 
pared by the U.S. Geological Survey for 
areas where the problems have been most 
severe. State geological survey units or 
mining regulation agencies may also pro- 
vide landslide hazard maps. 

In many areas of the United States and 
elsewhere in the world, such detailed infor- 
mation on landslide hazards is not avail- 
able. Soil survey maps can be useful as an 
interim source of information until more 
precise studies are available. A preliminary 
investigation of a site by a geological engi- 
neer, using air photo analyses or other 
methods, can give indications as to 
whether more comprehensive geotechnical 
investigations are required, 

Certain combinations of surface distur- 
bances can signify former landslides or 
areas of high landslide potential. These key 
features are described in Table 253-5. 

Aerial photographs can reveal the loca- 
tion of former landslides. Zones of previous 
sliding activity are evident by characteristic 
crescent-shaped scarps and hummocky 
topography. It is more difficult to identify 
areas that have a potential for future land- 
sliding. Large-scale photographs (greater 
than 1 :9600) are most useful for this task 
because the identifying features are rather 
small. Surface evidence is often hidden by 
vegetation or is so subtle that only field 
observation will reveal the need for more 
thorough studies. 

As part of the geotechnical investigation 
of a potentially hazardous site, the pres- 
ence of unstable materials should be deter- 
mined by investigation of surface and sub- 
surface features. Surface investigations 
should include hydrologic aspects of the 
site, such as seepage zones and the 
groundwater's depth and seasonal fluctua- 
tions. Borings may be necessary to provide 



1. Landslides are typically classified by the type of movement that occurs (Table 253-1). 
Complex landslides consist of two or more movement types occurring in succeeding 
stages. 

2. The destructive significance of a landslide is affected by the velocity of movement, 
as described in Table 253-2. 

3. Landslides may be caused by susceptible geologic, morphologic, or other physical 
conditions such as heavy rainfall. Human activity such as construction or removal of 
protective vegetation can also cause landslides. Table 253-3 lists likely causes of 
landslides. 
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Crown 
Mam scarp 

Top 
Head 

Minor scarp 

Main body 

Foot 

Tip 
Toe 

Surface of rupture 

Toe of surface of rupture 

Surface of separation 
Displaced material 

Zone of depletion 

Zone of accumulation 

Depletion 

Depleted mass 

Accumulation 
Flank 

Original ground surface 



Practically undisplaced material adjacent to highest parts of main scarp 

Steep surface on undisturbed ground at upper edge of landslide caused by movement 
of displaced material (13) away from undisturbed ground, it is visible part of surface of 
rupture (10) 

Highest point of contact between displaced material (13) and main scarp (2) 

Upper parts of landslide along contact belween displaced material and main scarp (2 1 

Steep surface on displaced materia) of landslide produced by differential movements 
within displaced material 

Part of displaced material of landslide that overlies surface of rupture between mam 
scarp (2) and toe of surface of rupture (11) 

Portion of landslide that has moved beyond toe of surface of rupture (11) and overlies 
original ground surface (20) 

Point on toe (9) farthest from top (3) of landslide 

Lower, usually curved margin of displaced material ot a landslide, most distant Irotn 
main scarp (2) 

Surface that forms (or that has formed) lower boundary of displaced material (13) 
below original ground surface (20) 

Intersection (usually buried) between lower part of surface (10) of a landslide and 
original ground surface (20) 

Part of original ground surface (20) now overlain by foot (7) of landslide 

Material displaced from its original position on slope by movement in landslide; forms 
both depleted mass (17) and accumulation (18) 

Area of landslide within which displaced matenal (13) lies below original ground sur 
face (20) 

Area of landslide within which displaced material lies above original ground surface 
(20) 

Volume bounded by main scarp (2). depleted mass (17), and original ground surface 

(20) 

Volume of displaced material that overlies surface of rupture (10) but underlies original 
ground surface (20) 

Volume of displaced material (13) that lies above original ground surface (20) 

Undisplaced material adjacent to sides of surface of rupture: compass directions are 
preferable In describing flanks, but if left and right are used, they refer to flanks as 
viewed from crown 

Surface of slope that existed before landslide took place 
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Figure 253-1. Common features of a landslide. 
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Table 253-1. CLASSIFICATION OF LANDSLIDES 




Very rapid lo extremely rapid 



TOPPLES 



Fxtremely slow to extremely rapid 



Materia) travels most of the distance through the air 



Material tilts forward over a pivot point, resulting in a fall or slide 



CLAYEY GRAVEL 
CLEAN SAND 




SLIDES 

Rock Slump Extremely slow to moderate Rol.ilioiul (slumps) concave surface of rupture. 

Material moves along one or more identifiable surfaces 




Translabonal (slides) generally planar or undulating 
surface of rupture Frequently these are caused by 
structural weaknesses related to faults, bedding 
planes, etc. 



Material in a fractured mass moves laterally, often 
as ,1 result of liquefaction or plastic flow In 
subadjacent material 
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Table 25S-1. CLASSIFICATION OF LANDSLIDES (continued) 




Soil Creep 



Extremdy slow 

usually 45 a result of soil particle movement 



Material moves downslope at imperceptible rates, 
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Table 253-2. LANDSLIDE VELOCITY SCALE 



Destructive 



Typical Velocity 



Extremely Rapid 

Very Rapid 
Rapid 
Moderate. 
Slow 

Very Slaw 
Extremely Slow 



Catastrophe of major violence; 
buildings destroyed by impact of displaced 
material; many deaths; escape unlikely 

Some lives lost; velocity too great 
to permit all persons to escape 

Evacuation possible, structures, possessions, 
and equipment deslroyed 

Some temporary and insensitive structures 
can be temporarily maintained n m/month 

Remedial construction can be undertaken during (45 
movement; insensitive structures can lie maintained 
with frequent maintenance work if total movement 
is not large during a particular acceleration phase 



5 m/see (17 ttysec) 



3 m/min 110 rt/min) 



1 8 m/hr (6 tt/hr) 



Some permanent structures undamaged 
by movement 

Imperceptible without instruments; 
construction possible with precautions 



1.6 m/year 
(5 ft/year) 

16 mm/year 
(V s in/year) 



Source: Adapted (torn Tumor. A Kritti and Robert L Schuster (cds ) UMdMdta Irrvertifjafiori mil MibRitum. Special Report 
247, National Academy of Sciences. Transportation Rewarrh Board Washin K k>n, DC. 1996 




m 

in Figure 253-5. Rounding cut slopes 



Table 253-3. COMMON LANDSLIDE 
CAUSES 

Cause Description 

Geologic Weak or sensitive materials 

Weathered or sheared materials 

Jointed or fissured materials 

Adversely oriented mass 
discontinuity (bedding, schistosity. 

etc.) 

Adversely oriented structural 
discontinuity (fault, unconformity, 
contact, etc.) 

Contrast in permeability 

Contrast in stiffness (stiff, dense 
material over plastic materials) 

Morphologic Tectonic or volcanic uplift 

Glacial inbound 

Fluvial erosion of slope toe 

Wave erosion of slope toe 

Glacial erosion of slope toe 

Erosion of lateral margins 

Subterranean erosion (solution, 
piping) 

Deposition loading of slope or its 
crest 

Vegetation removal (by forest 
fire.drought) 

Climatic Intense rainfall 

Rapid snow melt 

Prolonged exceptional precipitation 
Rapid drawdown (floods and tides) 
Thawing 

Freeze-and-thaw weathenng 
Shrink-and-swell weathering 
Human Excavation of slope or Its toe 
Loading of slope or its crest 
Drawdown (of reservoirs) 
Deforestation 
Irrigation 
Mining 

Artificial vibration 

Water leakage from utilities 

Source. Adapted from Tumei. A. Keith and Robert L 
Schuster (eds.) Landslides Investigation and Mitifiahon, 
Special Report 247, National Academy ol Sciences, 
Transportation Keseanh Board, Washington. DC. 1996 
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Figure 2 53-6. Surface drainage of 
slope by diversion ditch and inter 



information on the vertical stratification of 
soils. The compactness of granular soils and 
the consistency of cohesive soils should also 
be ascertained. The investigation should be 
conducted by a geotechnical engineer, who 
should also assess both the short- and 
long-term stability of the site and the pos- 
sible effects of any development on adjoin- 
ing areas. 

2.4 Landslide Loss Prevention and 
Reduction 

The best way to prevent damages resulting 
from landslides is to avoid sites that have a 
potential for sliding. However, landslide- 
prone areas often offer spectacular views 
and are frequently considered prime land 
for development. Both the regulation of 
future development and the protection of 
existing development are important in 
reducing landslide hazards. 

Regulation: 

The regulation of future development can 
be achieved through zoning, subdivision, 
and sanitary regulations, or through special 
regulations for hillsides identified as land- 
slide-prone areas. Zoning can restrict inten- 
sive development and/or prohibit land uses 
that would be vulnerable to landslide dam- 
age. Subdivision regulations can require 
that landslide hazard areas be identified 
and reserved for open-space uses. Sanitary 
regulations can restrict the use of on-site 
disposal systems that could trigger land- 
slides by wetting vulnerable areas. Hillside 
and slide-prone area regulations can limit 
densities, prohibit certain uses, (e g the 




EXISTING EARTH OK BEDROCK 



PERFORATED PIPE SLOPED TO DRAIN 
LANDSLIDE SURFACE 



FAILURE 5URFACE 
F6EABED GROUND SURFACE 



Figure 253-8. Regrading with subsurface drain. 



storage of hazardous materials), restrict 
activities that could trigger sliding (e.g. off- 
road vehicles), establish certain grading 
practices, and call for the preservation of 
existing vegetation. Special regulations can 
also discourage the siting of roads and 
bridges in these hazardous areas. If alterna- 
tive locations cannot be found for roads or 
bridges, they should be designed to require 
minimal cuts and fills and should be able to 
withstand expected landslide conditions. 

Prevention and Correction: 

The protection of existing development 
through prevention or correction of land- 
slides is a complex problem. Each slide has 
its own characteristics, making corrective 
measures difficult to standardize. Experts in 
geotechnical engineering and geology 
should be consulted. 

Stabilization of Soil Slopes: 

Table 253-6 describes a range of useful 
methods for the stabilization of soil slopes 
These methods seek to reduce shearing 
stresses or increase shearing resistance. 
They include: excavation, drainage, vege- 
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Figure 253-9. Live 
wall. 
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tation, restraining structures, and a variety 
of less common methods. 

Excavation: Excavation can be one of 
the least expensive methods for stabilizing 
a slope By unloading the head of a poten- 
tial slide mass and depositing the material 
at the toe of the slope, either temporarily or 
permanently, the driving force is reduced 
and the resistance increased. It is extremely 
important to round off the slope at the 
head and toe. Where the sliding mass is 
shallow, the entire mass may have to be 
removed. See Figures 253-3 to 253-5. 

Drainage: One of the first corrective 
measures is to control the surface drainage 
of the hazard area through a variety of 
techniques, including diversion ditches and 
interceptor drains (Figure 253-6). Streams, 
springs, and surface run-off must be divert- 
ed away from the threatened area. 
Subsurface drainage via trench or similar 
methods is another effective technique 
(Figures 253-7 and 253-8). At large con- 
struction sites, the pumping of groundwa- 
ter (dewatering) can temporarily reduce 
hazards, but this approach offers no long- 
term benefits. 

Vegetation: Vegetation can be a rela- 
tively inexpensive method for the control of 
shallow debris slides. The physical binding 
action of deep roots can help anchor earth 
volumes prone to sliding. Landslides with 
deep-lying slide surfaces cannot effectively 
be stopped through revegetation alone, 
although it does help reduce water infiltra- 
tion into the threatened area. The most 
suitable species are those that consume the 
most water and have the highest transpira- 
tion rates. For slopes subject to toe erosion 
by waves and/or currents, a combination of 
vegetation and structural measures at the 
toe is often the essential first step in land- 
slide control. 

Plants can also directly or indirectly con- 
tribute to slope failures under some condi- 
tions. On rocky slopes, root wedging and 
windthrow can precipitate failures. Large 
trees also add weight to a slope, the effect 
of which must be assessed on a case-by- 
case basis. Caution must also be exercised 
when installing new plantings on unstable 
slopes, since watering can increase the 
landslide potential. 

Restraining Structures: Restraining 
structures should be considered a last resort 
for Slope stabilization. They are often 
expensive and should be employed only 
when there are no other alternatives. 

Walls for landslide restraint can range 
from relatively low, strong dikes designed 




Figure 253-10. Drilled caisson wall relying on soil arching. 



PROVIDE FOR STORMWATER RUSOFF At TOf Of 




Figure 253-11. Earth buttresses with subsurface drain. 




Figure 253-12. Reinforced earth wall and buttress. 
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Table 253-4. CONDITIONS SUSCEPTIBLE TO SLIDING 



Saturated cohesive, clayey soils 
Loose, granular materials with low shear strength 
Interbedded sedimentary rock parallel (o hillslopes 

Highly foliated metamorphic rock 

Rotten or decomposed igneous or metamorphic rock 
Fractures and faults 

Interbedded materials of differing, resistance 01 permeability 

Seepage of water along hillsides 
Colluvial soils 

Water and land edges after rapid decreases in water level 
Borrowed fills 

Coastal slopes and river banks 

Snurre Adapted from Douglas S Way. Terrain toulmv A Guide In Site Selection 



Sloped areas of cohesive, clayey soils are sliding because of an increase In 
weight due to the absorbed water. 

Loose, granular materials readily absorb moisture, thus increasing their weight 
and causing slides, slumps, and flows 

Interbedded sedimentary rock with pints parallel to valley walls are susceptible to sliding 
due to the increased weight of the water. Bedding planes or joints axe lubricated by water, 
which causes Slippage 

Foliations parallel to valley walls cause conditions similar to those for interbedded 
sedimentary rocks. The occurrence ot minerals such as micas and serpentine increases the 
slipperiness of a slope 

Rotten, loose, granular rock debns is susceptible to Increases in moisture content and can 
create potential sliding conditions 

When fractures or faults parallel or intercept a slope, and there is no lateral support, or 
when seepage lubricates rock surfaces, there Is an Increased danger of sliding 

Interbedded materials with differences In their resistance to weathering result in the 
defeneration of the softer materials, thereby allowing water to accumulate in the elevated 
rock layers Conditions such as limestones over shale or clay, sandstone underlaid by jn 
impervious stratum, and lava flows over tuff can result in the development of cliffs and 
overhangs and conditions susceptible to falls. 

The appearance of seepage water along hillslopes may indicate the development of high 
pore or hydrostatic pressures, especially if the water is found near the toe of the slope. 

These and other soils formed by earlier mass-wasting indicate previously unstable conditions 
which may still exist 

The recession of flood waters or the lowenng of reservior levels can create temporary 
unstable conditions along the land edges 

Fill areas are susceptible to slumping or sliding i( hydrostatic pressures build up. if seepage 
occurs under the fill, or if the fill is placed on a soil of high volume change Such fills should 
be anchored and well-drained. 

Coastal slopes and river banks are sub|ect to erosive action of waves and currents. 
Using Aerial Photographic Interpretation, Duuglas S Way, Columbus, Ohio, ID7B 




REINFORCED CONCRETE DOWEL TO PREVENT 
LOOSENING OF SLAB AT CREST 



TENSIONED ROCK ANCHORS TO SECURE 
SLIDING FAILURE ALONG CREST 



T1EBACK WALL TO PREVENT 
FAILURE ON FAULT ZONE 



SHOTCREIE TO PREVENT RAVELING 
OF ZONE OF FRACTURE ROCK 



DRAIN HOLE TO REDUCE WATER 
PRESSURE WiTHIN SLOPE 



CONCRETE BUTTRESS TO SUPPORT 
ROCK ABOVE CAVITY 




-RES LOPING OF UNSTABLE WEATHERED MATERIAL 
IN UPPER PART OF SLOPE 



REMOVAL OF ROCK OVERHANG BY TRIM BLASTING 

REMOVAL OF TREES WITH ROOTS 
GROWING IN CRACKS 



HAND SCALING OF L005E BLOCKS 
IN SHATTERED ROCK 



CLEAN DITCH 



Figure 253-14. Rock removal strategies for stabilization. 



Figure 253-13. Rock slope reinforcement strategies. 
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Table 253 5. FEATURES INDICATING LANDSLIDES OR AREAS WITH HIGH LANDSLIDE POTENTIAL 



Structural damage 

Hummocky, dissected topography 

Abrupt change in slope 



Scarps and cracks 

or "stair step" topography 



Lobate slope forms 
Hillside ponds 

Hillside seeps 

Incongruent vegetation 

"Jackstrawed" trees 

Bedding planes and 
joints dipping downslope 

Accumulation of debris in 
valleys arid stream channels 

Light tones along upper 
edges of hillsides or cliffs 



Changes in tone along upper 
areas of cliffs oi embankments 

Source Adapted from Donald H Gray and 
Analysis: A Cuiae to sue Selection 



Road settlement or uplift, broken pipes or powei lines, spalllng or cracking of concrete structures; closure of expan 
sion joints in bridge plates or rigid pavement; loss of alignment; leaking pools; doors or windows that jam. 

Common feature in old and active progressive slides (slides with many individual components). Slide mass is prone 
to gullying 

May indicate either an old landslide area or a change In the erosion characteristics of underlying material Portion 
with low slope angle Is generally weaker and often has higher water content 

Definite indication of an active or recently active landslide Age of scarp can usually be estimated by the amount of 
vegetation established upon it Width of cracks ma/ be monitored to estimate relative rates of movement.Graben 
Indication of progressive failure. Complex or nested series of rotational slides can also cause surface of slope to 
appear stepped or tiered 

Indication of former earth flow or solifluction area 

Local catchments or depressions formed as result of scarps and cracks act as infiltration source which can exacerbate 
or accelerate landsliding 

Common in landslide masses. Area with high landslide potential can usually be identifed by associated presence of 
denser or phreatophyte vegetation (cattails, equisetum. alder, etc ) in vicinity of seep 

Patches or areas of much younger or very different vegetation (e.g.. alder thickets); may indicate recent landslides 
or unstable ground 

Leaning or canted trees on a slope are indicators oi previous episodes of slope movement or soil creep 
Potential surface of sliding for transitional slope movements. 

Accumulations of soil materails in these areas indicate previous sliding and slumping, commonly associated with 
stream undermining of embankments. 

These tones, especially when linear, may indicate the formation ol subsurface cracks; these facilitate drainage and 
cause the lighter tone. The appearance of these tones may precede the occurrence of actual breaks and scarps in 
the land surface. 

Changes in tone near edges of embankments may indicate moisture differences in the subsoil, reflecting moisture 
accumulation and the development of hydrostatic .vater pressures. 

Andrew T Lcner, Hlotechniat Stop* Protection and Cmion Control, Van Noilnnd Reinhold Company, New York, 1982; and Douglas S Way. Terrain 
Dung Aerial Photograph* Interpretation, Douglas S Way. Columbui, Ohio, 1978 
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to divert potential mudflows around exist- 
ing development, to various types of retain- 
ing walls designed to prevent future move- 
ment of a slope. In areas of known landslide 
hazard, the design of retaining structures 
should be made adequate to carry the 
potential extra load. (Refer to Section 410; 



Retaining Walls, for information on con- 
struction of these structures). 

Other restraining structures useful for 
the reduction of landslide hazard include: 
1. Live wooden crib walls (Figure 253-9 

and see Section 410: Retaining Walls. 

for more data) 




1 . Detailed information on landslide hazard is not available in many areas. A prelimi- 
nary investigation by a geological engineer can determine if more comprehensive 
geotechnical studies are required. 

2. Certain combinations of surface disturbances can signify former landslides or areas 
of high landslide potential (Table 253-5). Large-scale aerial photographs (greater 
than 1:9600) can be used to reveal crescent-shaped scarps and hummocky topogra- 
phy that is characteristic of previous sliding. 

3. The best way to prevent damages from landslides is to avoid sites that have the 
greatest potential for sliding. Regulations can be used to restrict development on 
vulnerable sites. 

4. Geotechnical engineer should be consulted to determine appropriate correction 
strategies. Table 253-6 describes a range of possible methods for stabilization of soil 
slopes. Table 253-7 lists methods for stabilizing rock slides. 



2. Drilled (not driven) caisson walls 
(Figure 253-10) 

3. Earth or gravel buttresses (Figure 253- 
11) 

4. Reinforced earth wall buttresses 
(Figure 253-12 and see Section 410: 
Retaining Walls, for more data) 

Stabilization of Rock Slopes: 

Table 253-7 lists a number of methods for 
protecting and stabilizing rock slopes. They 
consist of reinforcement measures, rock 
removal strategies, and techniques to pro- 
tect people and property from falling rock. 
Figure 253-13 illustrates various reinforce- 
ment strategies. Figure 253-14 illustrates 
various rock removal strategies. 

When rock falling onto an area presents a 
hazard, the use of restraining cables, nets or 
walls may be the only feasible solution. 
Various net and wall combinations are 
shown in Figures 253-15 to 253-16. Where 
space permits, catchment ditches may be 
used to retain falling rock. Table 253-8 
gives suitable design criteria for rock catch- 
ment ditches. 
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Table 253-6. METHODS OF SOIL SLOPE STABILIZATION 



Reduce shearing stresses 



Re grading 
Drained surface 

Drained subsurface 



Reduced weight 
on slope 



During preliminary design 
phase of project 

In any design scheme, must 
also be part of any 
remedial design 

On any slope where 
lowering of groundwater 
table will increase 
slope stability 

At any existing or potential 
slide 



Will affect areas adjacent to landslide 
hazard area 

Will only correct surface infiltration or 
seepage due to surface infiltration 



Cannot be used effectively when sliding mass 
is impervious 



htweight materials that may be 
costly or unavailable; excavation waste may 
create problems, requires right-of-way 



Slope vegetation should be 
considered in all cases 



Stability analysis should include 
considerabon of seepage forces 



Stability analysis must be per 
formed to ensure proper place- 
ment of lightweight materials 



Increase shearing resistance 



Apply external force 



Buttress and 
counterweight fills, 
toe berms 

Structural systems 



Anchors 

Increase internal strength Drained subsurface 
Reinforced backfill 



At an existing landslide, 
in combination with 
other methods 

To prevent movement be 
excavation; where 
right-of-way is limited 

Where right-of-way 
is limited 



At any landslide where 
water table is above 
shear surface 



May not be effective on deep-seated landslides. Consider reinforced steep slopes 



must be founded on a firm foundation; 
requires right-of-way 

I Will not control large deformations, must 
penetrate well below sliding surface 



Requires ability of foundation soils to resist 
shear forces by anchor tension 



Requires experienced personnel to install and 
ensure effective operation 



for limited right-of-way 



Stability and soil-structure 
analyses are required 



Study must be made of in situ 
soil shear strength; economics 
of method depends on anchor 
capacity, depth, and frequency 



till slopes: landslide 
reconstruction 



On embankments and steep Requires long-term durability of reinforcement Must consider stresses imposed 

on reinforcement during 
construction 

Design methods not well 
established, requires thorough 
soils investigation and proper- 
ties testing 



In situ reinforcement As temporary structures 
in stiff soils 



Requires long-term durability of nails, 
anchors, and microplles 



Biotech nical 
stabilizator 



Chemical treatment 



Electro-osmosis 



Thermal treatment 



On soil slopes of 
modest heights 

Where sliding surface Is 
well defined and soil reacts 
positively to treatment 



Ofm 
long( 



e; may require irrigation in dry seasons; 
'ity of selected plants 



May be reversible; long-term effectiveness 
has not been evaluated, environmental 
stability unknown 



Requires constant direct current power 



To relieve excess 

pore pressures and increase supply and maintenance 
shear strength at a desirable 
construcbon rate 



To reduce sensitivity of 
clay soils to action of water 



Requires expensive and carefully designed 
system to artificially dry or freeze subsoils 



laboratory study of soil- 
chemical treatment must 
precede field installations; must 
consider environmental effects 

Used when nothing else works; 
emergency stabilization of land 
slides 



Methods are expenmental 
and costly 



Source Adapted iruni Tumei. A Keith and Robert L Schuster tedv). Landslides. ImntigJtit 
Wdshiriston, DC, 1996 




ELECTRICAL WARNING WIRE 
(OPTIONAL) 

WOOD RAILROAD TIES 
400 mm (16") ON CENTER 

PRECAST CONCRETE 
CATCHWAU 

RAILROAD TRACK 
OR ROADWAY - 



DrTCH SLOPED TO 
DRAIN 



WELL-COMPACTED BACKFILL 



[36") 



Figure 253-15. Precast concrete catch wall. 
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Table 253-7, AAETHODS OF ROCK SLOPE STABILIZATION AND PROTECTION 



Protection Measures 



Catchment Ditches 
Catch Fences 

Draped Mesh 
Warning Fences 

Rock Sheds 

Tunnels 



Catches fallen rock at base of slope 

Stops fallen rock at base of slope; may be used in 
combination with ditches 



Contains fallen rock close to the face, and allows them to 
migrate down into catchment ditch 

Detects rock falls, and triggers warning signal 



Directs rocks over traffic route or structure 



Redirects traffic ruute through rock slope to avoid 
ha2ard zones 



Requires space to accommodate necessary 
dimensions 

Design depends on slope, anticipated loading 
and bounce height. Flexible materials are used 
to absorb impact 

Top of mesh should be placed close to source 
of rock fall to minimize momentum 

Most appropriate along lightly-traveled trans- 
portation routes, Requires significant mainte 
nance to minimize false alarms 

Used only in areas of extreme hazard, where 
stabilization Is not a viable option: costly main- 
tenance and installation 

Used only in areas of extreme hazard, where 
stabilization is not a viable option, costly main- 
tenance and Installation 



Reinforcement 



Rock Bolting 
Dowels 

Tied-Back Walls 
Shotcrete 



Rock Removal 



Drain Holes 
Resloping 
Inm Hlasting 
Hand Scaling 



Secures sliding failure along crest 
Prevents passive loosening of slabs at crest 

Prevents sliding failure in fractured rock 
Prevents the fall and raveling of fractured ruck 

Supports rock above cavity 

Reduces water pressure within the rock slope 



Removal of unstable, weathered material 
in upper part of slope 

Removal of rock overhangs 



Manual removal of loose rock, soil and vegetation 
on slope face 



Requires method of anchoring boll in the rock, 
must be protected from corrosion 

Most effective with no prior movement of 
rock; can only support slabs up to approxi- 
mately 2 m (6 ft) thick 

Drainage must be provided behind wall 

Surface must be free of loose rock, soil, vege- 
tation and ice; Drainage must be provided 
behind wall 

Must be placed an clean, sound surface 

Must intersect rock fractures that hold water, 
drained water must not be allowed to infiltrate 
toe of the slope 

Excavation requirements may vary throughout 
slope; additional weathering may take place 
after excavation, 

Controlled blasting must not damage rock 
behind the face: ground vibrations should be 
kept to a minimum 

Removal of vegetation is critical to prevent 
loosening and infiltration due to root growth; 
may require penodic maintenance 



Source Adapted tram Turner. A Keith and Robert I Schuster ted* ) Undtlidev. Imati&tian and Mitigation. Special «e,Xirt 247, National Academy of Sciences, Transportation Research BuanJ. 



Washington, DC, 1996 



3,0 SNOW AVALANCHES 



3.1 Causes and Types of Snow 
Avalanches 

Snow avalanche is a type of slope failure 
that is common in mountainous and hilly 
terrain, whenever snow is deposited on 
slopes steeper than about 20 degrees. 
When the shearing stress developed by the 
weight of the snow and the angle of the 
slope exceeds the shearing strength of the 
snow pack, an avalanche release will occur. 
Natural release typically results from rapid 
loading of the slope by heavy snowfall, or a 
loss of strength due to snow melt. Artificial 
release results from human activity such as 



skiers, snowmobilers, or hikers crossing an 
avalanche starting zone, or through mitiga- 
tion strategies such as the use of explosives 
to trigger small avalanches. 

Two basic types of avalanches may 
occur, depending on conditions at the start- 
ing zone. A point release, or loose snow 
avalanche, typically occurs with newly fall- 
en snow, or with wet snow from melting 
conditions. When the angle of repose for 
the snow is less than the slope, the loose 
snow slides down the slope, spreading out 
into a characteristic inverted V-shaped pat- 
tern. Point releases typically involve small 
volumes of snow and present only a slight 
hazard risk. 



Slab avalanches occur when a layer of 
cohesive snow fractures along a line as a 
continuous unit and slides down the slope 
(Figure 253-17). These fractures may 
extend for great distances across a slope 
and incorporate a large volume of snow. 
Slab avalanches are difficult to predict 
because the failure occurs well below the 
surface. The hazard from such avalanches is 
high due to the large volume of snow that 
can be released. 

The size and impact pressure of 
avalanches determines its potential hazard 
Potentially destructive avalanches travel at 
high rates of speed. Average velocities 
observed at the Snow Research Station in 
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Figure 253-16. Catchment ditches and fences. 



Japan ranged from 40 to 60 km/h (25 to 40 
mph). however, speeds of 200 to 300 km/h 
(125 to 190 mph) have been observed. 
Velocity is a function of shearing strength, 
density of snow, the angle of slope, and 
length of the avalanche path Many 
avalanches carry significant amounts of 
rock, soil, and vegetative debris, which 
makes them more destructive as they trav- 
el down a slope. 

3.2 Estimation of Avalanche Hazard 

Local knowledge of weather conditions and 
the history of previous avalanching is 
invaluable when estimating hazards The 
complex temperature and structural 
changes which occur in a snow mass make 
the prediction of avalanches on a given 



slope extremely difficult. However, it is pos- 
sible to map high-risk areas because 
avalanches tend to reoccur in the same 
locations. The technique of mapping 
avalanche hazard is well-developed in 
many countries prone to these hazards. 

Maps used to delineate hazard zones 
should have a minimum scale of 1:25000 
for general planning purposes. More 
detailed maps, 1:10000 to 1:2000, should 
be used in areas requiring greater accuracy 

Figure 253-18 shows a map illustrating 
the microzonation of avalanches and the 
estimated impact pressures on a village in 
Colorado. 







NEW SNOW 




V 




WEAK LAYER 
OF SNOW 







surface cracks when snow 
sl;ps on weak layer and 
breaks bonps between 




5N0W COVER TEARS LOOSE AND 
SLIDES DOWN THE MOUNTAINSIDE 




Figure 253-17. Anatomy of a slab 
avalanche. 
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SLOPE VARIABLL 





BOUNCE (M)/ 
1 FALL (.25:1) / 



Table 253-8. ROCK TRAJECTORY FOR VARIOUS SLOPE ANCLES AND 
DESIGN CRITERIA FOR CATCHMENT DITCHES 



-5 
J 

1 

I 

C 

(✓» 

I 



X 

3 



m 
in 



Angle 


Height (M), 

mm 




depth 

(O).m(ft) 


Near vertical 


5-10(16-32) 


3.7(12) 


1.0 (3) 




10-20 (32-65) 


4 6(15) 


12 (4) 




>20 (>65) 


6.1 (20) 


12 (4) 


0-25-0.3:1 


5-10 (16-32) 


3.7(12) 


1.0 (3) 




10-20(32-65) 


4.6(15) 


1.2 (4) 




20-30(65-100) 


6.1 (20) 


1 8(6)' 




>30 (>100) 


7.6 (25) 


1.8(6)' 


0.5:1 


5-10(16-32) 


3 7(12) 


1.2 (4) 




10-20(32-65) 


4.6 (15) 


1.B (6)- 




20-30 (65-100) 


6 1 (20) 


1.8 (6)' 




>30(>100) 


7.6(25) 


2.7 (9)' 


0.75:1 


0-10(0-32) 


3.7(12) 


1.0(3) 




10-20 (32-65) 


4,6(15) 


12 (4) 




>20 (>65) 


4.6 (15) 


1.8(6)* 


1:1 


0-10 (0-32) 


3.7 (12) 


10 (3) 




10-20 (32-65) 


3.7 (12) 


1.5(5)* 




>20 (>65) 


4.6 (15) 


1.8 (6)' 



•May be 1 .2 m (4 ft) if catch fence is used. 

Sonne: Adapted from Douglas R Piteau and f, Lionel Peckauer. Landslides: Analysis and Control, Special Report )76, 
Transportation Research Board. Natonal Academy ol Sciences, Washington, DC, 197B, 



3.3 Avalanche Loss Prevention and 
Reduction 

Avoidance of known avalanche hazard 
areas when siting structures, roads, power 
lines, and other facilities is the best way to 
minimize losses. However, increasing devel- 
opment pressures in mountainous regions 
are requiring greater protection and mitiga- 
tion measures. Both the regulation of 
future development and protection of 
existing development are important in min- 
imizing avalanche hazard. 

Regulation: 

A number of countries have developed legis- 
lation regulating land use in avalanche haz- 
ard areas. These regulations are most restric- 
tive in Switzerland, France, and select regions 
of the United States (e.g. Colorado). These 
regulations typically prohibit placement of 
structures, roads, or other facilities within 
avalanche hazard zones. If development 
within these zones is permitted, structures 
are required to meet specific design stan- 
dards to withstand avalanches, or incorpo- 
rate various avalanche defense systems. 
Regulations may also be used to control the 
use and management of avalanche hazard 
areas. Clear-cutting or other logging opera- 
tions on slopes may increase the risk of 
avalanches. 

Prevention and Correction: 

When avoidance of a hazard area is not 
feasible, several strategies have been devel- 
oped to reduce hazards. In ski areas, slopes 
and weather conditions are monitored, and 
small avalanches are occasionally triggered 
through the use of explosives in an effort to 
minimize the hazard. Avalanche starting 
zones are also often stabilized through 
compaction by "boot packing," skiing, or 
machine methods. 

Structural avalanche control includes the 
anchoring of snow pack in starting zones, 
the redistribution of the snow pack, or the 
structural protection of people and proper- 
ty. Many methods are costly and should be 
considered only as a last resort, when 
avoidance or other mitigation techniques 
are not possible. 

Figures 253-19 and 253-20 show sever- 
al devices used to control different parts of 
an avalanche-prone slope. Additionally, 
layer or strip terraces can be used to rough- 
en smooth, steep slopes in order to hold 
the snow cover better. These horizontal ter- 
races are usually 30 000 mm (100 ft) wide 
and 100 000 mm (300 ft) apart. Square 
miniberms arranged in a checkerboard pat- 
tern are also used for the same purpose. 
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Figure 253-18. Mapping of avalanche mkrozonation. 



SNOW FENCES AND BAFFLES 




CONSTRUCTION IN THE 
DEPOSTTIONAL AREA 



CONSTRUCTION IN 
THE AVALANCHE 
TRACK 



i253-19. Avalanche control structures. A number of different types of struc- 
tures can be built in the rupture zone, path, and depositional site of an avalanche. 



1 . Avalanche releases typically result 
from natural occurrences, such as 
heavy snowfall or melting condi- 
tions, or from human activity, such 
as skiers or hikers crossing a start- 
ing zone. 

2. Slab avalanches occur when a layer 
of cohesive snow fractures as a 
continuous unit and slides down 
the slope. These are by far the 
most dangerous type of avalanche 
due to the large volume of snow 
that can be released and the large 
area that can be affected. 

3. The complex temperature and 
structural changes in a snow mass 
make it difficult to predict 
avalanches. However, it is possible 
to map high-risk areas because 
avalanches tend to reoccur in the 
same locations. 

4. Avoidance of known avalanche 
hazard areas is the best way to pre- 
vent damage. A number of com- 
munities have developed regula- 
tions to restrict development in 
hazard areas. 

5. Hazards can be reduced by artifi- 
cially tnggering small avalanches to 
prevent snow buildup, or by com- 
paction of the starting zone snow 
to stabilize the slope. 

6. Structural avalanche control strate- 
gies include the anchoring or redis- 
tribution of the snow pack, or the 
structural protection of people and 
property (Figures 253-19 and 253- 
20). Many methods are costly and 
should only be considered as a last 
resort. 
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These berms are approximately 900 mm (3 
ft) square in size and are placed 900 to 
1 500 mm (3 to 5 ft) apart. These areas are 
often reforested to provide additional sur- 
face roughness. 

Although expensive, tunnels or 
avalanche sheds can be cost-effective 
when full protection is essential. Braking 
and deflection structures, which usually 
consist of heavy masonry deflecting walls 
or inclined permeable steel braking barriers, 
can be useful in the depositional area when 
developed areas need protection. Large- 
scale deflecting systems for altering the 
flow direction of avalanches should be 
designed only by specialists. They are 
expensive and require continual mainte- 
nance but offer maximum protection to 
large areas and fixed installations. 
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DIRECTION OF SNOW 




SNOW FENCE: 

0IRECT5 SNOW DEPOSITS ONTO 
DESIGNATED AREAS GENERALLY 

HIGH. 




JET R00F5: 

DIRECTS AND ACCELERATES THE 
WIND TO MOVE SNOW TO A LESS 
HAZARDOUS LOCATION. 




SNOW DRIFT FENCE: 

INCREASES WIND SPEED TO 
TRANSPORT SNOW FURTHER; 
EFFECTIVENESS IS LIMITED TO A 
VERY SMALL AREA; GENERAtLY 
3 000 - 6 000 mm (9 - 16') WIDE 
AND Z 000 - 4 000 mm (6 - 12) 
HIGH, 



Figure 253-20. Snow fences and 
deflecting structures. 
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IDERATIONS 



Land subsidence is defined as any dis- 
placement of a generally level ground 
surface resulting from surface or sub- 
surface causes. This section addresses sub- 
sidence resulting from the alteration of sur- 
face or internal loading, the removal of 
subsurface materials, and other subsurface 
failures. Tectonic activity, landslides, and 
expansive soils are not addressed in this 
section (Refer to Sections 252-Natural 
Hazards:Earthquakes,253-Natural Hazards: 
Landslides and Snow Avalanches, and 255- 
Natural Hazards: Expansive Soils, for addi- 
tional information). 

1.1 Hazards from Subsidence 

The effect of land subsidence on a structure 
is dependent on the relationship between 
the dimensions of the structure and the size 
of the area which is subsiding. A subsidence 
basin of several kilometers or miles in diam- 
eter will have little effect on small structures 
within the subsiding area. It may, however, 
have serious effects on larger structures, 
such as canals, large bridges, roadways, 
railways, and drainage systems. Subsidence 
occurring over relatively small areas, and on 
short time scales have the highest potential 
for causing major damage. 

Subsidence may lead to increased risk 
from other hazards, particularly increased 
flood risk and increased rates of coastal 
erosion. Surface drainage patterns can be 
altered, creating additional problems. 

1.2 Determination of Hazard 

Land subsidence and displacement can 
occur at a wide range of speeds and extend 
over areas ranging from a few square 
meters (feet) to thousands of hectares 
(acres). Detection of subsidence hazards 
can be difficult, because the processes that 



cause it can operate for long periods with- 
out visible effects. The first indications of 
subsidence may be changes noticed by sur- 
vey crews or unusually high road mainte- 
nance demands. The precise amount of 
subsidence and its distribution must be 
determined through surveying. Detailed 
understanding of a particular subsidence 
basin depends upon the correlation of his- 
torical survey information from various 
sources with current survey information. 
Unless the historical data are very accurate, 
considerable uncertainty is likely. 

To estimate the degree of hazard result- 
ing from subsidence, the cause, magnitude 
of displacement, and the time over which 
movement takes place must be known. 
Geological and geophysical information is 
essential in order to estimate the hazard. 
Information on some types of subsidence is 
available from government sources; in the 
United States, information can be obtained 
from the U.S. Geological Survey, state sur- 
veys, other geologic-related agencies of 
states and communities, geology depart- 
ments of local colleges and universities, and 
private consultants. 

Potential hazards must typically be iden- 
tified on the basis of a site-by-site evalua- 
tion, because subsidence can be caused by 
a variety of natural processes and human 
activities. City or county engineers, consult- 
ing engineers, and geologists may be 
sources of the types of site-specific infor- 
mation needed. Mine development plans 
on file with federal, state, or local agencies 
and local mining firms may indicate areas of 
past, present, or future underground open- 
ings. In regions of karst terrain or where 
mine plans do not exist, it may be neces- 
sary to undertake geophysical exploration 
and drilling programs to ensure that a site is 
free of caverns, cavities, or mine openings. 



General Considerations 



1. Detection of subsidence can be difficult, because the processes that cause it can 
operate for long periods without visible effects. Detailed understanding of a partii u- 
lar subsidence basin depends upon the correlation of historical survey information 
with current survey information. Unless the historical data are very accurate, consid- 
erable uncertainty is likely. 

2 Restriction of human activities through zoning ot other land use controls In areas 
identified as being susceptible to subsidence is the best overall strategy for reducing 
hazards and potential losses. 

3. If avoidance is not feasible, development can be protected through a variety of mit- 
igation and construction strategies, dependent on the cause of the subsidence, the 
type of development, and the size of the area that is affected. 




MATURITY 



Figure 254-1. Sinkhole Formation. 

Sinkholes are formed when ground col- 
lapses into subsurface cavities. Illustration 
shows the formation of karst topography 
from relative youth to maturity. 



1.3 Hazard Prevention and 
Correction 

Hazard prevention and correction efforts 
must seek to reduce damage to existing 
development, and protect future develop- 
ment from the effects of subsidence 
Restriction of human activities in areas 
identified as being susceptible to subsi- 
dence is the best overall strategy for reduc- 
ing hazards and potential losses. Land use 
controls and zoning may be used to protect 
property and lives by directing intensive 
activities away from hazardous areas. 
Mining operations, groundwater use, or 
other potentially hazardous activities can 
also be directed to areas where hazard 
potential is low, or may require the use of 
methods that will reduce subsidence poten- 
tial. 

Existing development can be protected 
through a variety of mitigation and con- 
struction strategies. The type of strategy 
that is most appropriate is dependent on 
the cause of the subsidence, the type of 
development, and the size of the area that 
is affected. 
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Figure 254-2. Areas of karst topography in the United States, 



2.0 SUBSIDENCE CAUSED BY 
SURFACE OR INTERNAL 
LOADING 



2.1 Causes 

Surface loading causes slow, gradual com- 
paction, or consolidation, of compressible 
materials. With suitable soil conditions, the 
load caused by buildings or engineering 
structures can cause subsidence over an 
area 2 to 3 times greater than their own 
dimension. Inadequately compacted areas 
of artificial fill material are subject to far 
greater subsidence. Old refuse dumps, spoil 
heaps, and filled land should be regarded as 
potentially hazardous. Even if properly 
placed and compacted, fill can be subject to 
subsidence if it lies over a mud layer that 
can compress under a load or flow out from 
beneath the filled area. 

2.2 Estimation of Hazard 

The amount of compression and the time 
over which it occurs must be investigated 
to determine the potential hazard The total 
amount of compression that will occur is 
calculated based on the compressibility of 
the soil layer, its thickness, and the magni- 
tude of the load. The calculation of how 



the compression of the soil layer develops 
with time is complex and. if the compress- 
ible material is saturated, depends upon the 
movement of water in the soil. The rate at 
which drainage can take place depends on 
the permeability of the soil and on the 
availability of drainage boundaries. Free- 
draining granular soils will settle very quick- 
ly. Clays and silts of low permeability will 
allow water to escape very slowly, and set- 
tlement may take months or years. 
Ceotechnical engineers should be consult- 
ed to calculate anticipated compression. 



2.3 Mitigation 

Laboratory testing of soil samples can be 
used to predict the total settlement and the 
behavior of the soil based on anticipated 
loading. Where settlement caused by the 
weight of material on the ground surface is 
anticipated, analyses are performed to 
ensure that the design of the structure can 
withstand forces resulting from differential 
settlement. If the total settlement is expect- 
ed to be more than a few millimeters or 
inches, precautionary measures are taken. 




Inadequately comparted areas of artificial fill are subject to subsidence from surface 
loading. Old refuse dumps, spoil heaps, filled land, and other compressible materials 
should be regarded as potentially hazardous. 

The total amount of compression that will occur is calculated based on the com- 
pressibility of the soil layer, its thickness, and the magnitude of the load. 
Ceotechnical engineers should be consulted to calculate anticipated compression. 

If the total settlement is expected to be more than a few millimeters or inches, pre- 
cautionary measures are taken. These measures may include placing structures on 
pilings, placing structures on floating foundations, or consolidation of base prior to 
construction. 
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Figure 254-3. Areas of known caverns in the United States, 
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These measures may include: 

1. Placing structures on pilings. The struc- 
ture may be founded on piles which 
carry its weight to a non-compressible 
stratum. 

2. Placing structures on floating founda- 
tions. The structure is designed with a 
deep basement, so that the weight of 
the excavated material is equal to the 
weight of the building. 

3. Consolidation prior to construction. In 
some cases, a load equal to the weight 
of a structure, usually in the form of an 
earth fill, is applied to the site in 
advance of construction. When settle- 
ment has occurred, the weight is 
removed and construction is begun. 

Geotechnical engineers should be con- 
sulted to determine the most appropriate 
mitigation strategy. 



3.0 SUBSIDENCE CAUSED BY 
REMOVAL OF SUBSURFACE 
MATERIALS 



The removal of subsurface materials as a 
result of natural processes or of human 
intervention can cause significant subsi- 
dence. Natural processes that remove sub- 
surface materials include subterranean 
solution withdrawal and volcanic activity. 
Human activities, such as underground 



mining and solution mining result in similar 
hazards created by the existence o( under- 
ground voids and cavities. The removal of 
water, oil, and gas generally does not cre- 
ate large subsurface voids, but causes 
widespread lowering of surface levels. 

3.1 Subterranean Solution 
Withdrawal and Volcanic 
Activity 

Subsurface deposits of limestone and other 
carbonate rocks are subject to solution in 
groundwater, particularly in hot, humid cli- 
mates. Underground voids called solution 
cavities are created as mineral material is 
carried away dissolved in groundwater. 
Where the cavities are shallow or the over- 



lying material is weak, collapsing areas 
result in surfaces sinkholes and depressions. 

Figure 254-1 illustrates the formation of 
sinkholes. The characteristic pockmarked 
topography resulting from the widespread 
presence of limestone in a humid climate is 
called karst topography. Figure 254-2 
shows the general distribution of karst and 
pseudokarst topography in the United 
States. 

Volcanic activity can also cause a similar 
effect. Lava flows that reach the earth's 
surface, cool and solidify, can result in a 
hollow structure if the molten material is 
not replaced by later flows. These voids are 
generally created in the form of shallow 



1 Sinkholes and depressions can form in areas of karst topography, where large subsur- 
face deposits of limestone dissolve in ground water and create underground cavities 
susceptible to collapse. (Figure 254-1). 

2. Volcanic activity can cause a similar effect as hollow lava tubes are formed when 
molten material surfaces and is not replaced by later flows. 

3, Subsurface cavities may be located by electrical, seismic, or gravimetric methods or 
by direct boring of test holes. Ground surfaces adjacent to these subsurface cavities 
may also be subject to subsidence. 
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Figure 254-4. Subsidence due to mine collapse. The limit angle is defined by the 
line joining the edge of the collapsed area underground to the edge of the area of surface 
sinking. The angles of break will vary depending upon the geological characteristics of the 
rock formations. 



tunnels, called lava tubes, and overlying 
areas are subject to collapse. 

Figure 254-3 shows areas of solution 
caves, areas where lava tubes are common, 
and other known caverns in rhe United 
States. Subsurface cavities may be located 
by electrical, seismic, or gravimetric meth- 
ods or by direct boring of lest holes. 
Ground surfaces adjacent to but not direct- 
ly over subsurface cavities may also be sub- 
ject to subsidence The width of this area 
varies, depending upon local conditions. 

3.2 Underground Mining 

Underground mining of solid materials, 
particularly shallow coal workings, is a sig- 
nificant cause of subsidence hazard. 
Construction of a tunnel close to the sur- 
face typically results in surface settlement. 
If the material into which the tunnel is dri- 
ven is weak or inadequately supported, a 
process called caving or stopping can occur, 
in which rock in the roof collapses, leaving 
a void above it. Repeated caving results in 
the void migrating upward, eventually 
resulting in the formation of a sinkhole at 
the surface. Figure 254-4 shows the effect 
of the collapse of a relatively deep mine. 

Figure 254-5 shows the general loca- 
tions of coal fields in the United States. In 
regions where coal is present, subsidence 
resulting from previous mining activities 
should be regarded as a potential hazard. If 
abandoned mine workings are located on a 
site, several engineering methods have 
been developed to overcome the problem. 
It is always expensive, however, and many 
methods involve considerable uncertainty. 
Avoidance of such a site is preferred 

Calculation of anticipated subsidence 
resulting from tunneling or mining is partic- 
ularly difficult because of the limited 
knowledge of conditions at the time of tun- 
neling (which affects stresses in the sur- 
rounding materials), the material properties 
involved, and complex spatial considera- 
tions. Often, records of mining operations 
are incomplete, and identification of exact 
tunnel locations is difficult. 

Pillar and stall mining, also referred to as 
room and pillar mining, is a common 
extraction method. As coal is removed, rec- 
tangular pillars of coal are left at intervals to 
support the roof of the workings, creating 
an underground maze of caverns. In cases 
where future subsidence must be prevent- 
ed, shallow workings can be grouted with 
an injection of cement slurry. Grouting is 
very expensive and can be ineffective if 
water is present underground; it can also be 
difficult to control the flow of grout and to 



verify that the grouting operation has been 
successful. 

Figure 254-6 illustrates a method for 
injecting a slurry of water and sand or other 
material, using a hydrostatic pumping tech- 
nique which allows a more complete filling 
of voids and which can require only a sin- 
gle injection well for an area of up to 1 2 ha 
(3 acres). Grouting may require injection 
points only a few meters or yards apart 

3.3 Solution Mining 

The removal of subsurface materials by 
solution mining can cause a serious subsi- 



dence hazard, made particularly difficult to 
manage because of the difficulty of identi- 
fying the limits of the affected area. 
Solution mining is the removal of water sol- 
uble materials such as salt, gypsum, or 
potash from beneath the surface by an 
injection of water which dissolves the 
material. The solution is then pumped to 
the surface and the water is evaporated, 
leaving the desired material. The resulting 
subsurface voids can be very large and are 
subject to collapse, much like the naturally 
occurring cavities in limestone regions. 



uman Activities 



1 . Mining may result in a maze of underground caverns, making prediction of subsi- 
dence difficult. Grouting or other techniques that fill known voids may be used in 
areas where future subsidence must be prevented. 

2. The removal of subsurface materials by solution mining can cause a serious subsi- 
dence hazard that is particularly difficult to assess because of the difficulty of locat- 
ing the limits of the affected area. 

3. Construction should be avoided in areas susceptible to piping (subsurface drainage 
conduits occurring in relatively insoluble soils as a result of the passage of sediment- 
laden water). If construction is necessary, avoiding a concentration of runoff in vul- 
nerable areas is essential. 

4. In areas where the withdrawal of groundwater by wells is causing subsidence, the 
development of a surface water supply system may be necessary. 

5. Subsidence caused by the withdrawal of oil, gas, or water has been reduced or 
arrested by the addition of imported water to subsurface sediments, replacing the 
material that was withdrawn. 
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Figure 254-5. Location of coalfields in the United States, 
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3.4 Piping 

Piping is the term used to describe subsur- 
face drainage conduits occurring in rela- 
tively insoluble soils as a result of the pas- 
sage of sediment-laden water. Piping 
occurs in relatively weak, incoherent soil 
layers, such as loess, tuff, volcanic ash, fine- 
grained alluvium or colluvium, and some 
rocks (claystone, mudstone, and siltstone). 
Water moving through saturated layers 
toward either a naturally occurring or con- 
structed free face carries with it some sedi- 
ment in suspension As the water removes 
material, drainage is directed to the more 
permeable area, resulting in the formation 
of a small hole on the free face, which, as 
drainage continues, expands into the cliff, 
ultimately causing substantial underground 
voids. Collapse and subsidence may occur, 
in some cases, creating a pseudokarsl 
topography. Figure 254-7 shows highway 
damage resulting from piping in the south- 
western United States. 



Piping is classified into 
based on its mode of origin: 



three types. 



Desiccation, with stress cracks: soils 
which become dry and cracked are sub- 
jected to rainfall which enters the cracks 
and travels to a free face, forming 
drainage conduits. 




Figure 254-6. Hydraulic backfilling of an abandoned coal mine. 



Enlrainment: occurs when dewatered 
building foundations or a hse in water 
level behind or under dams or levees 
causes changes in hydraulic head pres- 
sures and subsequent subsurface chan- 
neling. Entrainment of water and satu- 



rated materials to downgradient out- 
flow points can result in sand boils, mud 
volcanoes, and a collapse of sediment 
and overlying structures. 
Variable permeability subsidence: 
occurs when sufficient hydraulic head 
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Figure 254-7. Structural failure of highways (western United States) caused by piping of valley fill. 



exists to move sediment-laden water 
through a stratum to the face of a gully 
or embankment. The conduits formed 
in this way grow from the outlet back 
into the cliff face. 

Construction should be avoided in areas 
where piping is likely. If construction is 
unavoidable, the careful design of drainage 
systems to avoid a concentration of runoff 
in vulnerable areas is essential Runoff 
should be conveyed in closed culverts to 
points away from vulnerable structures. 

3.5 Removal of Water, Oil, and Gas 

The removal of water, oil and gas can cause 
significant displacement over a widespread 
area. The amount of subsidence depends 
on the amount of material removed, the 
depth of the layer from which it is extract- 
ed, and the stiffness or rigidity of the over- 
lying soil materials. Generally, water Is 
removed from shallower layers of fairly 
compressible materials, and gas and oil are 
removed from deeper layers of less com- 
pressible material. 

When water is withdrawn from a well, 
the water level is lowered, reducing the 
pore pressure and allowing the soil materi- 
al above to compress the water-bearing 
strata. If a single well is used, a dish-shaped 
depression results. If a large well field is 
operated, widespread vertical displacement 



can occur, resulting in severe damage to 
utilities and large structures, as well as dis- 
rupting surface drainage patterns 

Engineering methods can be used to 
reduce the subsidence hazards resulting 
from the withdrawal of water, oil. or gas. In 
areas where the withdrawal of groundwa- 
ter by wells is causing subsidence, the 
development of a surface water supply sys- 
tem may be necessary. 

Subsidence caused by the withdrawal of 
oil, gas, or water has been reduced or 
arrested by the addition of imported water 
to subsurface sediments, replacing the 
material that was withdrawn. 



4.0 SUBSIDENCE IN 




PERMAFROST ZOI 


MES 



Subsidence is also a hazard in regions of 
permafrost or where large masses of under- 
ground ice exist. At temperatures below 
freezing, large blocks of ice provide stable 
support. When permafrost is disturbed or 
subjected to warming, thawing decreases 
its support of overlying soils and causes 
subsidence. Soil particles formerly held 
together by ice are freed, resulting in subsi- 
dence as free-flowing water accumulates at 
the surface or drains away, leaving lowered 
levels of saturated soils. Disturbed areas 
can turn into mud-filled depressions that 



expand with each season's thaw. In winter, 
effects include heaving, the formation of 
ridges and ice dikes, as water trapped 
between the permanently frozen strata and 
the recently frozen surface expands upon 
freezing. Subsidence will then occur during 
the spring thaw. 

Figure 254-8 shows areas in the north- 
ern hemisphere of continuous permafrost 
(where the entire seasonally thawing layer 
refreezes each winter) and of discontinuous 
permafrost (where the seasonal thaw layer 
does not totally refreeze to the depth of the 
permanently frozen layer). Figure 254-9 
gives a block diagram of permafrost mor- 
phology, 

A number of engineering strategies have 
been developed to overcome the difficul- 
ties encountered in permafrost regions. 
Granular frozen permafrost, in which soil 
grains are in contact with each other and 
excess ice is not present, typically causes 
few serious engineering difficulties. Hard 
frozen permafrost, where some water 
remains unfrozen, does present problems. 
Common approaches in these conditions 
are to thaw the area and remove the excess 
water, or to maintain the permafrost in its 
natural thermal condition. Preservation of 
permafrost can be achieved by ensuring 
that no additional heat is introduced into 
the ground. Construction may be carried 
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I COmHUOUS PERMAFROST 
DISCONTINUOUS PERMAFROST 



Figure 254-8. General distribution 
of permafrost in the northern 
hemisphere. 

out on an insulating pad of gravel over the 
site or may be raised on thermally isolated 
pilings. 

Preservation of existing vegetation in 
permafrost regions is particularly important, 
since its removal will allow direct sun to 
heat the surface and cause increased sea- 
sonal thawing 



5.0 SUBSIDENCE CAUSED BY 
COLLAPSING OR 
HYDROCOMPACTIVE SOILS 



Collapsing soils are those that rely on a 
water soluble mineral cement to maintain 
their strength. When wet, the mineral 
cement dissolves and these soils collapse, 
leaving a bumpy terrain, Loess and some 
other soils of a loose, open structure are 
subject to this type of subsidence. 



A similar effect is observed in hydrocom- 
pactive soils. In arid regions, alluvial fan 
deposits and soils which were originally 
deposited as a result of mudflows or mud- 
slides and have a loose structure containing 
a relatively large quantity of air can form 
hydrocompactive soils, Wetting causes a 
reorientation of the soil particles and can 
result in significant subsidence [4.5 m (15 
ft) in California after the introduction of irri- 
gation water]. 

In regions where hydrocompactive soils 
or collapsing soils are common, site-specif- 
ic geologic reports that assess potential 
subsidence should be obtained. 

These soils should be avoided for most 
types of development. When avoidance is 
impossible, a common engineering 
approach is to compact the area by the 
addition of water prior to construction. 



Maintenance of existing structures depends 
on strict management of surface water. 



6.0 SUBSIDENCE CAUSED BY 
ORGANIC SOILS 



Highly compressible organic soils are sub- 
ject to subsidence due to the withdrawal of 
water. The drainage of marshes for agricul- 
tural purposes and the dewatering of peat 
bogs has resulted in widespread subsidence, 
usually resulting from the combined effects 
of diving, oxidation, and wind erosion. 

Organic soils should be avoided for most 
construction purposes. When unavoidable, 
common approaches are either to dump 
solid fill material on the site until settlement 
ceases or to replace the soft material with 
suitable fill. 
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1 . When permafrost is disturbed or subjected to warming, thawing decreases its sup- 
port of overlying soils and causes subsidence. Common approaches in these condi- 
tions are to thaw the area and remove the excess water, or to maintain the per- 
mafrost in its natural thermal condition. 



2. Hydrocompactive and collapsing soils may caused subsidence due to excessive 
moisture. These soils should be avoided for most types of development. When 
avoidance is impossible, a common engineering approach is to compact the area by 
the addition of water prior to construction. 

3. Highly compressible organic soils are subject to subsidence due to the withdrawal of 
water. These soils should be avoided for most construction purposes. When 
unavoidable, common approaches are either to dump solid fill material on the site 
until settlement ceases, or to replace the soft material with suitable fill. 
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1.0 GENERAL CONSIDERATIONS 



Soils and soft rocks which shrink or swell as 
a result of changes in moisture content are 
commonly known as expansive soils. 
Expansive soils are usually clays, but some 
types of shales also exhibit shrinking and 
swelling. Aluminum silicate minerals of vol- 
canic origin decompose to form expansive 
clays of the smectite group, the best known 
of which is montmorillonite. Pure montmo- 
rillonite may swell up to 15 times its dry 
volume, but most natural soils contain 
other materiaJs that swell less. Few natural 
soils swell to more than 1-1/2 times their 
original volume (Figure 255-1). For more 
data about soils in general, refer to Section 
810: Soils and Aggregates. 

To represent a hazard due to shrinking and 
swelling, the soil must: 

1. Contain a mineral component which 
is subject to significant swelling. 

2. Experience fluctuating changes in 
moisture content. 

3. Exert significant movement due to a 
thick soil strata. 

Volume increases of 3 percent or more 
are potentially damaging and require spe- 
cially designed foundations. In the United 
States, the majority of houses built on 
expansive clays suffer minor damage, and 
up to 10 percent will suffer major damage 
Property damage caused by expansive soils 
exceeds the damage from floods, hurri- 
canes, tornadoes, and earthquakes com- 
bined. Roads, bridges, pipelines, and other 
rigid structures which rest on or pass 
through expansive soils are also affected. 

Uneven moisture distribution through- 
out the soil and subsequent pressure 
changes will create problems during con- 
struction. Small buildings, bridges, and 



roads impose minor loads on expansive 
soils in comparison to its swelling pressures, 
which may exceed 480 000 Pa (10,000 
psf). 

Expansive soils create differential move- 
ment under structures. Seasonal changes in 
moisture and water-table levels cause 
expansive soil to move under natural con- 
ditions. This zone of seasonal change can 
extend to a depth of about 2 m (7 ft). 
Normal seasonal change and drying (desic- 



cation) are usually prevented once an area 
is covered by a road or structure. 
Desiccation and wetting still occur around 
the perimeter but gradually decrease 
toward the center. 

Other common characteristics of differ- 
ential movement include: 

1 . Doming or downward-warping of soil 
occurs as the soil shrinks at the perimeter 
(Figure 255-2). 




IS REVERSED 



Figure 255-2. Heaving Patterns Beneath Structures with Sfabs on Grade. The 

problems with expansive soils varies with the amount of natural rainfall and depth of 
water table. 



KEY POINTS: Characteristics of Expansive Soils 



^CLAY PLATE 




UNEXPANPED 
CLAY 



Figure 255-1. Diagram of a 
Montmorillonite Clay Particle. Note 
that water is incorporated within the clay 
structure itself. 



1 . Expansive soils that shrink or swell as a result of changes in moisture are usually 
clays, but some types of shales also exhibit shrinking and swelling 

2 Most expansive soils will swell to more than 1-1/2 times their original volume when 
wet, and apply swelling pressures that may exceed 480 000 Pa (10,000 psf). Volume 
increases of 3 percent or more are potentially damaging to structures and require 
specially designed foundations. 

3. When roads or structures are placed on expansive soils, desiccation and wetting occur 
around the perimeter, resulting in doming, warping, or cupping (Figure 255-2). 
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Figure 2S5-3. Distorted Heaving Figure 255-4. Relationship between 
Pattern. Where sources of water vary soil heave and fluctuations of rainfall 
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REGIONALLY ABUNDANT 
LOCALLY ABUNDANT 



MINOR CONSTITUENT OF BEDROCK BUT MAY BE 
LOCALLY ABUNDANT IN SUKFICIAL MATERIALS 



Figure 255-5. Generalized AAap of Expansive Soils in the United States. 



2, Cupping results from wetting former- 
ly dry areas at the perimeter (Figure 
255-2). 

3. Asymmetrical soil patterns (Figure 
255-3) related to: 

a. leaking water or sewer connections 

b. shade patterns created by structures 

c. surface runoff from adjacent slope 
collecting against a building or 
roadway. 

Two forms of heaving exist, superim- 
posed on each other. These are general 
heave and seasonal heave (Figure 255-4). 
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Figure 255-6. Plasticity index versus 
soil composition as an indicator of 
the severity of soil expansivity. 



2.0 ESTIMATION OF HAZARD 



Figure 255-5 shows a generalized map of 
expansive soil hazards in the United States. 
Small local deposits are not shown, and 
careful site investigation is required if there 
is reason to suspect the presence of expan- 
sive soils. 

Professional geotechnical engineers 
should be consulted for positive identifica- 
tion of expansive soils. A combination of 
several signs should indicate its presence 
including: 

1 The soft, puffy, popcorn appear- 
ance of clay soil when dry 

2. Soil that is very sticky when wet 

3 The presence of substantial open 
cracks in dry clay soil 

4. Soil that is very highly plastic and 
weak when wet, but rock hard 
when dry 

Existing structures in the vicinity should 
be inspected for signs of damage which 
could indicate expansive soils. 

The soil plasticity index (Figure 255-6, 
and further described in Section 810: Soils 
and Aggregates) is an indicator of a soil's 
tendency to expand based on the percent- 
age of clay in a sample. It can be used to 
estimate the severity of the problem. The 
plasticity index (PI) indicates expansivity as 
follows: 

PI Expansivity 

0-14 Non critical 

14-25 Marginal 

25-40 Critical 

Over 40 Highly critical 

However, the plasticity index alone does 
not adequately define the expansive poten- 
tial of a soil profile A thorough under- 
standing of the soil structure and depth of 
the active zone is necessary in order to pre- 
dict the expansive potential of a given site. 
Consideration must be given to geologic, 
ground water, and soil conditions at each 
site prior to selecting a foundation design. 

Laboratory testing can give a precise 
estimate of expansion potential. Several 
methods of testing have been developed to 
estimate heave on a particular site. 
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Figure 2SS-9. Failures of buildings caused by movement of pile foundations. 



3.0 LOSS PREVENTION AND 
REDUCTION 



A comprehensive approach tailored to par- 
ticular site conditions for reducing damage 
is recommended. 

3.1 Avoidance of Hazardous Sites 

The best method to prevent loss from 
expansive soils is to find an alternative con- 
struction site. If this is not possible, a num- 
ber of strategies for coping with expansive 
soils have been developed. 

3.2 Isolation from Expansive Soils 

Damage can be prevented by isolating 
structures from the stresses caused by the 
shrinking and swelling of expansive soils. It 
may be feasible to excavate and replace 
soils with non-expansive fill in areas where 
the stratum of expandable soil is relatively 
shallow. If the stratum is deep, it may be 
effective to excavate a greater than normal 
depth of soil, backfill with non-swelling 
material, and immediately cover it to pre- 
vent drying. 

Expansive soils also create horizontal 
stresses when confined by vertical struc- 
tures such as basement walls or retaining 
walls. Figure 255-7 shows the recommend- 
ed practice for construction of large retain- 
ing walls in areas of expansive soils. The 
procedure to control changes in soil mois- 
ture behind the wall is to remove the 
expansive material, replace it with non- 
swelling material, and install waterproof 
membranes. 

The intended structure may be placed on 
piers encased in fiberboard circular forms 
which are founded in the non-expansive 



Time-Saver Standards for Landscape Architecture 



255-5 



bearing stratum and effectively isolate the 
structure from the effects of unequal 
movement and uplift forces (Figure 255-8) 
Piers may be preferable to pilings to avoid 
the heave and vibration associated with pile 
driving. 

Pier or pile foundations should be 
designed by a qualified engineer, since 
improper design can result in serious fail- 
ures of buildings and other large structures 
(Figure 255-9). Piers or piles are subject to 
upward forces produced by expansive soils. 
These forces must be resisted by the load 
on the pier or pile, or by the restraining 
force of the foot of the bellied pier, as 
shown in Figure 255-8. 

3,3 Flexibility in Design 

The design of structures to accommodate 
the heaving by expansive soils includes the 
use of floating slabs in basements (Figure 
255-10) and the provision of clear space 
under slabs on-grade. 

Figure 255-11 shows two types of fiber- 
board void forms, which are available in 
various thicknesses, usually 100, 150, and 
200 mm (4, 6, and 8 in). These forms are 
strong enough to support the weight of 
fresh concrete placed over them, but under 
pressure from expanding soil below they 
are weak enough to crush and allow the 
soil to move freely. Figure 255-12 shows a 
typical use of void forms to isolate a con- 
crete slab from expansive soil. Since the 
slab is not supported on soil, it must be 
designed to span between piers under 
gravity (down) loads. The size of void 
required is based on the estimated vertical 
rise of the soil beneath the structure. 

Another approach uses rigid elements 
joined by flexible ones which can accom- 
modate movement. Elements which bridge 
from a rigid protected structure to the 
ground surface should be isolated from the 
main structure by use of a flexible filler to 
absorb movement, thereby protecting the 
structure from damage. Figure 255-13 
illustrates the entry steps of a house built 
on piles. 

Underground utilities are also subject to 
disruption from expansive soils. It is partic- 
ularly important to assure stable drainage 
connections to avoid the leakage into sen- 
sitive soils. Figure 255-14 shows one 
approach to making drainage connections. 
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Figure 255-10. Four Alternative Designs for Residential Basements, In ait cases 
a floating floor slab may be used; otherwise, an airspace of several inches is left beneath 
to permit soil swell. 



3.4 Soil Treatments to Reduce 
Potential Volume Change 

Compaction: 

The compaction of expansive soils may 
reduce its permeability. Compaction can 
slow the subsequent expansion of soils 
which have a low to moderate expansion 
potential. It is most effective on granular, 
non-cohesive soils. In some cases, com- 
paction at high degrees of saturation is 
accompanied by changes in soil structure, 
which in turn affect swelling characteristics 
A kneading compaction to a moderate den- 
sity by a sheepsfoot roller under wetter 
than optimum conditions, may result in less 
swell. The excavation and recompaction of 
existing soil prior to its use as subgrade may 
be necessary. 

Compaction should be done with cau- 
tion, however, since the overcompaction of 
very active soils can result in rebound, 
which will exaggerate the swelling effects. 



Laboratory tests to determine the effects of 
compaction should be based on the soil 
structure as found on the site. 

Prewetting: 

The prewetting of a site prior to construc- 
tion either by ponding or spraying has 
proven successful in controlling expansivity 
Wetting is intended to bring the moisture 
content of the soil to the level expected at 
equilibrium after completion of construc- 
tion. This requires a knowledge of the 
swelling characteristics of the soil and the 
distribution and magnitude of the loads to 
be applied. 

This method has several drawbacks. A 
period of 30 days is typically required to 
allow the wetting to penetrate to a depth 
of 1 200 to 1 500 mm (4 to 5 ft). When the 
wetting has been completed, the site may 
be so soft and sticky that construction 
equipment cannot function effectively. Soil 
strength may be reduced to the extent that 
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Figure 255-11. Typical folded "void Figure 255-12. Detail of fiberboard void forms used to provide space for soil 
forms" made of fiberboard. expansion below concrete slab. 
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the addition of lime is necessary to create a 
suitable working platform. Although wet- 
ting is a slow process, drying can be very 
rapid under warm weather conditions. To 
prevent drying, complete the construction 
and seal the pre-wetted soil mass as quick- 
ly as possible. Later drying of the site may 
cause shrinkage. 

Heat Treatment: 

Heating expansive clays to ±200 degrees C 
(±400 degrees F) may significantly reduce 
their ability to swell or shrink. One thou- 
sand degrees C (±1830 degrees F) causes 
soil to fuse, but the cost of this method is 
seldom justified. 

Chemical Additives: 

The application of hydrated lime or other 
chemicals has been successful in controlling 
soil expansivity. Studies have shown that 
the ionic character of water has a major 
effect on volume change. The addition of 
chemicals for control of expansivity is sum- 
marized in Table 255-1. 

3.5 Drainage and Control of Surface 
Runoff 

Techniques for managing the amount of 
moisture change in expansive soils include 
the provision of vertical moisture barriers to 
isolate the soil under a structure from the 
surrounding soil. Two types of moisture 
barrier are commonly used. One uses 
impermeable material such as low-grade 
concrete or ground rubber tires in an 
asphalt emulsion binder. The other uses 
crushed rock to create a capillary barrier. 
Since most of the movement of water 
through clay is by capillary action, breaking 
the contact between masses of expansive 
soil temporarily stops moisture change. 
Capillary barriers may be less desirable than 
impermeable barriers in areas where trees 
exist, since the long-term effect of tree 



roots may be detrimental to capillary barri- 
ers. 

After installation of the moisture barrier, 
the supporting soil is pre-wetted to bring its 
moisture content up to 1 to 2 percent 
above the plastic limit. Construction should 
proceed quickly, to prevent loss of soil 
moisture (Figure 255-15). 

Providing down-spouts and drain blocks 
is another technique to carry roof run-off to 
an area at least 1.5 m (5 ft) away from the 
structure. The provision of a wide paved 
area around a structure is often recom- 
mended to reduce the differential move- 
ment by spreading it over a larger area. 
Sites on the tops of mounds, either natural 
or artificial, are preferable to sites on slopes 



because positive surface drainage away 
from the structure in all directions is easier 
to achieve 

The use of slab-on-grade subdrains 
should be carefully considered. Unless out- 
falls and trenches can be protected from 
surcharged conditions, foundation drains 
may introduce backflow into the areas they 
are designed to keep dry during periods of 
heavy rainfall. An alternative approach rec- 
ommended by the U.S. Federal Housing 
Administration is the use of impervious 
backfill at the building perimeter and prop- 
er control of surface runoff and roof water. 



Hi 

The best method to prevent damage from expansive soils is to find an alternative 
construction site. If this is not possible, a number of strategies for coping with expan- 
sive soils have been developed. 

1. Damage can be prevented by isolating structures from shrinking and swelling by 
replacing soils with non-expansive fill, installing waterproof membranes, and placing 
structures on piers or pilings. 

2. Floating slabs In basements can be used to accommodate soil heaving (Figure 255- 
10), or clear space can be provided under slabs on -grade (Figure 255-12). 

3. Compaction, prewetting, heat and chemical treatment of the soil are various meth- 
ods of reducing potential volume change. Each has specific advantages and disad- 
vantages depending on site conditions. 

4. Surface runoff must be prevented from infiltrating the perimeter of structures. 
Vertical moisture barriers, down-spouts and drain blocks are techniques for prevent- 
ing heaving due to moisture change. 

5. Plant root activity causes desiccation of the soil, particularly during dry seasons of 
the year. Construction should be avoided within the root zone of trees. 

6 If trees are removed during construction, care must be taken to maintain soil mois- 
ture levels during and after construction, or the site should be allowed to establish 
its new moisture level, 
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TABLE 255-1. ftfteth 


ods for Volume Change Control Using Additives 






Method or additive 


Effects on soil Method of appli 






Lime treatment 


Reduce or eliminate swelling by • Remove, mix, rep 
ion exchange, flocculation, mix in place 
cementation, alteration of 
clay minerals 


ace. or 


• Only suitable for shallow depths 

• AAiKinu Hiffinilf in hiirhlu ntaitir rl^ui 
>.i 1 ■ 1 -. uniiuuil iii ''i.-.'iiy pinauit- tioy^ 

• Delay between initial addition of lime 
and final mixing and placement 
improves ease of handling and com- 
paction 

• 2-6% lime usually required 



■ Deep- plow 



Cement treatment 



Reduce or eliminate swelling by 
cementation, ion exchange, and 
alteration of clay minerals 



• Lime slurry injection; lime piles 



1 Mixing in place: piles and walls 



• Remove, mix, replace; plant mix 



■ Treat depths to 1m (36") 

• Can use conventional equipment 

• Requires careful quality control 

■ Controversial, very sensitive to initial 
moisture conditions 

• Limited by slow lime diffusion rate 

• May not be effective in dry, fissured 
material or accepted if soil is wet 

• Not yet investigated 

• Might be suitable in highly plastic soils 
for treatment to large depth 

• Could use dry lime, lime mortar, or 
slurry 

• Cement may be less effective than lime 
In highly plastic clays 

■ Mixing difficult in highly plastic clays 

■ Reduction in swelling noticeable for 
cement contents >4-6% 

• No excavation and backfilling required 

• Has been used for construction of piles 
and walls 

• Better, more economical equipment 
needed 

• Problems of mixing or injection may be 
significant 

• No chemical additives for control of 
volume change appear to be available 
that are effective, permanent, and 
economically competitive with lime or 
cement when large volumes of soil must 
be treated 

• Calcium chloride may be effective at 
least temporarily in soils with expanding 
lattice days. It may be useful in soils 
with a high sulfate content 

• A number of proprietary formulations 
have been marketed The beneficial 
effects of these materials have not gen- 
erally been documented 

Source- Modified from James K Mitchell and Lufti Rand, Control ol Volume Changes in Expansive Earth Materials, vol. 2: Proceedings: Expansive Clays and 
Shales in Highway Design and Construction, FHA 



Chemicals- hydroxides, chlorides, Various effects have been measured 
phosphoric acid, carbonates, sulfates or hypothesized, including reduced 
lignins, slliconates. asphalts, plasticity, improved compaction, reduced 

quaternary ammonium chloride swell, waterproofing, preservation of 

soil structure, increased strength, 
Proprietary: "compaction aids" increased or decreased permeability. 



• Mixing m place 



• Usually remove, mix. and replace 
or mix in place 

• In some instances spraying or 
injection is used 

■ Electro-osmosis may be useful 
in special cases 

• Diffusion may be effective 
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Figure 255-13. Detail of grade beam on piled foundation. 
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3.6 Management of Vegetation 

Vegetation is an important consideration 
when planning construction on sites with 
expansive soils. Plant root activity causes 
desiccation of the soil, particularly during 
dry seasons of the year. This results in 
shrinkage of the soil, which is only partially 
offset by the plant's shading of the soil. 
Artificial irrigation of planting can aJso 
cause soil expansion. 

Existing mature trees whose root sys- 
tems are not actively expanding may cause 
relatively less damage than newly planted 
or young trees in active growth. Soils under 
paving or structures tend to become wetter 
than surrounding soil because of capillary 
action. Thus, they will attract tree roots. 

The Royal Botanic Garden, Kew, Tree 
Root Survey (1971-1979) reported the 
damage to buildings on shrinkable clays 
caused by the activity of tree roots. The 
survey reported experience in the humid 
climate of Great Britain and included the 
extreme drought of 1975-1976, which 
caused extensive soil shrinkage and dam- 
age to structures. The study was based on 
3000 reports of damage, chiefly from 
London and the south of England, mostly 
in urban situations. Quercus. Populus. and 
Salix species were found to cause the 
greatest damage in the survey. 

Based upon the findings of the Kew sur- 
vey and consultation with American land- 
scape architects experienced in dealing 
with expansive soils, the following actions 
are suggested to reduce possible damage 
caused by vegetation. 

1. Good maintenance, including fre- 
quent and copious watering of veg- 
etation to prevent excessive soil 
desiccation. 

2. Avoid building within the root zone 
of existing trees or within the area 
into which the roots will grow dur- 
ing the expected life of the struc- 
ture. Depending upon the species 
and the site conditions, avoid con- 
struction within a zone approxi- 
mately equal to the mature height 
of an existing tree. 

If construction must take place within an 
active or potential root zone, one of the 
three following techniques may be appro- 
priate: 

1 . Pre-wet the soil prior to construc- 
tion, and maintain a constant high 
moisture level through artificial irri- 
gation. 

2 Keep the soil as dry as possible so 
that roots are not encouraged to 



develop in the critical area, 
3. Construct a subterranean impervi- 
ous barrier similar to that shown in 
Figure 255-14 to prevent tree roots 
from penetrating vulnerable areas. 

If none of these methods are feasible, 
large existing trees that could cause major 
damage should be considered for removal. 

In many parts of the world existing veg- 
etation is considered so valuable that it is 
undesirable to remove it unless absolutely 
necessary. Some professionals would rather 
risk minor damage to landscape construc- 
tion (such as retaining waJIs, steps, or 
paving) than remove existing trees or not 
plant proposed trees on a site with expan- 
sive soils. 
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Figure 255-14. Typical flexible 
drainage connection. 
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Figure 25S-1 5. Detail showing stabilization of expansive clay foundation soil. 

Expansive clay foundation soils can be stabilized by prewetting and by installing a barri- 
er that prevents the loss of moisture from the zone of seasonal change at the perimeter. 



When building on a site formerly occu- 
pied by trees, a careful assessment should 
be made as to whether the moisture level 
of the soil at the time of the removal of the 
trees will be maintained during and after 
construction. If this cannot be assured, then 
the cleared and regraded site should be 
allowed to establish its new moisture level. 



This may take as long as a year, and other 
measures should be taken to protect the 
existing or proposed construction. 

New planting in expansive soils can be 
accomplished in several ways. Attention 
should be paid to drainage patterns, so that 
excess water from artificial irrigation is not 



Time-Saver Standards for Landscape Architecture 



255-9 



directed toward vulnerable areas. Where 
the planting of trees near buildings is 
desired, the use of above- or below-grade 
tubs or impervious barriers can isolate the 
roots from the surrounding soil Although 
this solution may create other problems, 
such as restricted growth and high mainte- 
nance demands, it may be the only accept- 
able solution in extreme circumstances. 

Local experience is particularly important 
in devising an appropriate strategy for the 
management of vegetation on sites with 
expansive soils. Consultation with individu- 
als familiar with local conditions and prac- 
tice is essential. The general information 
supplied in this section should be modified 
and supplemented as appropriate for spe- 
cific site conditions. 
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INTRODUCTION 



1.1 Importance of Grading 

Landscape architects and other designers 
must ensure that grading becomes an inte- 
gral part of the design process, on a par 
with the location of buildings, circulation 
planning, and the recognition and use of all 
landscape qualities. In many cases the 
grading scheme is a primary determinant in 
the total design. 

1.2 Functional and Aesthetic 
Reasons for Grading 

Grading may be done for a number of 
functional and/or aesthetic reasons. Figures 
320-1 through 320-9 show a range of typ- 
ical examples. 



2.0 STANDARDS 



2.1 Abbreviations on Grading Plans 

Landscape architects, engineers, and archi- 
tects who do grading plans, as well as the 
contractor who does the actual grading, 
should understand a common terminology. 
Table 320-1 shows abbreviations that are 
commonly used on grading plans. 

2.2 Methods of Expressing Slope 

Slope is expressed in terms of a percentage, 
a proportional ratio, or a degree of slope. 
Each of these is described in the following 
paragraphs. 



Table 320-1. GRADING ABBREVIATIONS 



Abbreviation 



Meaning 



CI 
TC 
BC 
TW 
BW 
HP 
IP 
TS 
BS 
IE 
RE 
Dl 
SD 
MH 
CB 
PL 
ROW 



Contour interval 
Top of curb 

Bottom of curb (include spot elevation) 
Top of wall (include spot elevation) 
Bottom of wall (include spot elevation) 
High point {include spot elevation) 
Low point (include spot elevation) 
Top of steps (include spot elevation) 
Bottom of steps (include spot elevation) 
Invert elevation (include spot elevation) 
Rim elevation 

Drain inlet (needs RE and IE) 
Storm drain (needs RE and IE) 
Manhole (needs RE and IE) 
Catch basin (needs RE and IE) 
Property line 
Right ot way 
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Figure 320-2. Grading to create berms. Berms can be created for noise and wind 
barriers or for additional soil depth above unfavorable subgrade conditions, such as a high 
groundwater table. 
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Figure 320-5. Grading for increased 
site interest. Grading can help empha- 
size a site's topography or add interest to 
an otherwise flat site. 
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Percentage (of Slope): 

Percentage of slope is expressed as the 
number of meters (feet) rise in 100 m (100 
ft) of horizontal distance, typically referred 
to as rise/run. If the slope rises 2 m {2 ft) in 
100 m (100 ft), it is considered a 2 percent 
slope. The percentage of slope can be cal- 
culated by the following formula: 

D 

G = - X 100 
L 

where D = vertical rise, mm (ft) 

L = horizontal distance, mm (ft) 
G = gradient, % 



Figure 320-10 shows an example prob- 
lem where part a is the longitudinal or cen- 
terline profile of a proposed roadway and 
part b is the same roadway shown in plan. 
The actual calculations for the example are: 



Elevation of point B = 48 347 mm 
(158.62 ft) 

Elevation of point A = 47 463 mm 
(155.72 ft) 

Vertical difference D = 884 mm (2.90 ft) 

Horizontal difference L = 35 357 mm 
(116.00 ft) 

Therefore: 



C = X 100 
L 



884 

= — X 100 
35 357 

» 2.5 % 

It is common practice to indicate the 
direction and rate of slope by use of an 
arrow, which always points down the slope. 



Proportion (of Slope): 

Slope can also be expressed as a ratio of the 
horizontal distance to the vertical rise, such 
as three to one (3:1). The ratio method is 
used typically for slopes 4:1 (25%) or 
steeper. 

Degree (of Slope): 

Slope is expressed in degrees only on large- 
scale earth-moving projects such as strip- 
mining and other extractive operations. 

Spot Elevations: 

Spot elevations are used to establish limits 
of slope, to locate contour lines, and to 
provide detail for establishing control 
points that cannot be obtained via contour 
lines. 

The elevation of any point on an accu- 
rately drawn contour plan may be deter- 
mined by interpolation. On Figure 320-11, 
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Figure 320-6. Grading related to good views. 




Figure 320-7. Grading related to bad views. 
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Figure 320-9. Grading to emphasize or control circulation. 



point A lies about 7 m the distance from 
contour 53 to contour 54; thus, A has an 
approximate elevation of 53.7. Inter- 
polation assumes, of course, that slopes are 
uniform, which in many cases is not true in 
reality. Therefore, interpolated figures are 
approximations and should not be relied on 
as much as surveyed spot elevations for 
crucial measurements. 



2.3 MAKING A CONTOUR MAP 



Field Survey. 

All intersection points of a grid are marked 
on the ground with temporary stakes; the 
elevations of each intersection point are 
taken with a transit or level and the eleva- 
tion data is plotted on a gridded plan of the 
site (Figure 320-12). Normally, the eleva- 
tions of critical high or low points that fall 
between the intersections are also located 
on the plan. 



C Plotting Contours: 
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Once all spot elevations have been deter- 
mined, contours at regular intervals [typi- 
cally 1 000 mm, 500 mm, or 250 mm (5 ft, 
2 ft, or 1 ft)] can be located and plotted on 
a map, as shown in Figure 320-13. Often 
this can be done by eye. since few contour 
maps require great precision 



3.0 GRADING CONCEPTS 



3.1 Schematic Grading Alternatives 
for a Defined Area 

Slopes of less than about 2 percent in the 
open landscape appear flat to the human 
eye. However, in areas adjacent to built 
structures, even the slightest slope 
becomes noticeable because of the rela- 
tionship of the grade to mortar joints, roof 
lines, and other level architectural features. 

Perimeter Edge Level: 

Figures 320-14 through 320-19 schemati- 
cally illustrate alternative methods for 
manipulating a surface for drainage while 
allowing at least one peripheral edge to 
remain level. 

Two Perimeter Edges Level: 

Figures 320-20 and 320-21 schematically 
illustrate drainage schemes applicable 
when two perimeter edges need to be 
level. 

Entire Area Level: 

Some circumstances, such as rooftop land- 
scapes or enclosed courtyards, require that 
the entire surface of the enclosed area be 
level. Figures 320-22 and 320-23 illustrate 
two ways that an area can remain level and 
still drain properly by the use of porous sur- 



face material, such as sand/gravel, or by 
the use of individually elevated pavers. 
Each case requires an adequate drainage 
system beneath the pavers to carry off the 
required rainfall effectively. Refer to Section 
610: Roof and Deck Landscapes, for more 
data related to drainage of rooftops. 

3.2 Schematic Grading Alternatives 
for Open Areas 

There are several ways to solve grading 
problems when surrounding buildings do 
not fully enclose an area to be graded and 
there is sufficient peripheral space for tran- 
sition to surrounding areas. Such a wide 
range of alternatives gives the designer the 
opportunity to resolve aesthetic objectives 
while solving the engineering problems 
involved. Figures 320-24 through 320-26 
show schematic alternatives for grading 
open areas, these alternatives are especial- 
ly applicable to relatively flat surfaces, such 
as tennis courts and other types of game 
courts. 

3.3 Preparing a Site Grading Plan 

Grading of a site should be thought of as a 
systematic process that begins with the 
analysis and understanding of the existing 
site and ends with an overall detailed grad- 
ing plan. Figures 320-27 through 320-31 
help illustrate this procedure. Figure 320- 
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82 at the end of this section shows an 
example of a metric grading plan. 

Site Analysis: 

Study the general lay of the land by using 
topographic maps and site visits. 

1. Determine high points, low points, 
ridges, and valleys. 

2. Note natural drainage systems and 
directions of flow that exist on the site. 

Site Use Concept: 

Determine how existing landforms would 
affect proposed use areas, such as building 
locations, roads, parking areas, walkways, 
plazas, and lawn areas. 

Schematic Grading Plan: 

Define general use areas, set building floor 
areas by spot elevations, and diagram 
drainage flow using slope arrows pointing 
along the direction of flow. This will help in 
the following procedures: 

1 . Developing a general landform concept 

2. Locating swales and surface water flow. 

3. Locating drainage receptacles. 

4. Calculating water runoff for various 



Defining an area that could be altered 
(raised or lowered) with limited impact 
on drainage or existing trees This area 
could be used to help balance any sur- 
plus cut or fill. 



Figure 320-12. Transit survey grid. 
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Figure 320-10. Figuring slopes as 
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76.5 



767 



320-11. 
interpolation 



Spot elevation by 



758 



77.0 



76.9 


77.4 


76.7 


75.7 


76.9 


773 


76.9 


lbs 


77 4 


76.1 


75.7 


765 


78.4. 
76.4 


V 


77.7 




75.3 


74.0 


75.6 


76.7 


76.9 


76.4 


75.5 


74.5 



78.6 



79.6 



£0.0 



76.9 



75.6 



74.8 



Figure 320-13. Contours interpolated from grid. 
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Figure 320-14. Perimeter edge Figure 320-1 5. Perimeter edge 

level— drain from ridge line to all level— drain from single high point, 
edges. 



DRAINAGE STKIJCTURE 




Figure 320-16. Perimeter edge Figure 320-17. Perimeter edge 

level— slope to center drain inlet. level— all slopes to drain inlets at 

the same gradient. 




Figure 320-18. Perimeter edge Figure 320-19. Perimeter edge 

level— all slopes to drain inlets at level— slope away at uniform gradi 
the same gradient. ent. 
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POROUS SURFACE • 

LEVEL OR BELOW MIN. SLOPE 



GRANULAR-POROUS BACKFILL 




Figure 320-22. Level surface with porous paving. 




STRUCTURAL SLAB/ BUILT UP ROOF • 
SLOPE TO DRAIN 



Figure 320-23. Level surface with elevated pavers. 



Grading by Spot Elevations: 

Grade by spot elevations and form prelimi- 
nary contouring, using the following steps 
in the order shown (always strive to keep 
disturbed areas as small as possible) 

1 . Set tentative gradients and spot grades 
on roads, walks, and swales Establish 
critical spot elevations. 

2. Set the building grade circuit, i.e., floor 
elevation, steps, walls, terraces, etc. 

3. Draw in preliminary contours at 1 500 
mm or 30 000 mm (5- or 10-ft) inter- 



vals, depending upon the scale of the 
project and topographic change. Make 
certain that all gradients and slopes are 
within the maximum/minimum criteria 
for a particular use, i.e., lawn, roadway, 
terrace, and cut slope or embankment. 
4. Complete all contour alterations within 
the property line or project limits. 

Preliminary Cut-and-Fill Calculations: 

Do preliminary calculations (if needed) to 
determine whether there is a balance 



between the amount of earth to be cut out 
and the amount of earth needed for fill. 

Final Grading Plan: 

1. Prepare final road profiles 

2. Indicate changes in direction or rate of 
slopes. 

3. Show spot elevations for all critical 
points, including manholes, inverts, 
drainage structures, tops and bottoms 
of all walls, steps, and curbs at intersec- 
tions and/or other critical points. 

4. Draw proposed contours and complete 
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Figure 320-27. Site analysis (example). 




o 

f>j Figure 320-28. Site use concept (example). 
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Figure 320-29. Schematic grading plan (example). 




Figure 320-30. Grade by spot elevations (example) — Schematic Diagram 

Consider land form, circulation, and structures together in determining proposed grades, 

1. Determine beginning grade at existing road. 

2. Determine spot elevation at building unit (limited cut/fill) or other critical tie-in areas, i.e., parking, etc. 

3. Determine the percentage of slope by measuring distance and rise or fall between points. 
Gradient must be compatible to criteria for use intended. 

4. Set grades adjacent to structure in keeping with architectural character and functional requirements of building. 

5. Determine parking areas or lawn areas as relates to slope criteria (parking area slope and embankment slope). 

6. Determine storm water retention and sedimentation basins. 
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the final grading plan. 

Complete an estimate of the amount of 

cut and fill based upon the proposed 

grading plan, and, if needed, adjust the 

amount of one or both to make them 

balance 



.0 GRADING CRITERIA 



4.1 General Landscape Elements 
Recommended Gradients: 

Grading of outdoor areas is aimed at con- 
trolling surface stormwater runoff while 
providing safe and efficient pedestrian and 
vehicular movement. Essentially, all sur- 
faces should have some slope, or pitch, for 
proper drainage. It is better to use the pre- 
ferred rather than the minimum gradients 
shown in Table 320-2 to allow for the diffi- 
culties of installation and imperfections 
during the repair of surfaces. Figure 320-32 
is an example of typical gradients used for 
small structures, such as residences 

Earth Fill against Buildings: 

Earth fill against buildings may be desirable 
for insulation or aesthetic reasons. It is 
important to note, however, that soil and 
related moisture may cause decay and/or 
promote the growth of insects that may 
damage or destroy some of the materials 
used in the construction of the building 

The exterior surfacing and structural sys- 
tem of a building determine the height to 
which fill may be brought up against a 
structure Figures 320-33 through 320-38 
are representative examples 

4.2 Athletic Fields 

Recommended Gradients for Outdoor 
Sports: 

Table 320-3 shows recommended gradi- 
ents for outdoor sports areas and playing 
surfaces (Refer to Section 520 Recreation 
and Athletic Facilities for more informa- 
tion.) 

Baseball and Softball: 

The construction of playing fields usually 
involves a combination of turf and dirt sur- 
faces. Use minimum gradients for these 
surfaces unless subdrains are introduced or 
other special drainage provisions are made. 

The expected skill levels of players and 
the rules of appropriate sport organizations, 
such as the National Collegiate Athletic 
Association (NCAA) in the United States, 
typically determine the standards tor grad- 
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Figure 320-32. Standards for grading around a typical building. 



Tabic320-2: RECOMMENDED GRADIENTS; GENERAL 



Types of areas 




Minimum, % 


rititrrtu, o 


Streets, driveways, and parking areas 


Crown of improved streets 


3 


1 


2 


Crown of unimproved streets 


3 


2 


2.5 


Slope of shoulders 


15 


1 


2-3 


Longitudinal slope of streets 


20 


0.5 


1-10 


Longitudinal slope of driveways 


20 


0.25 


1-10 


Longitudinal slope of parking areas 


5 


0.25 


2-3 


Cross slope of parking area 


10 


0,5 


1-3 


Concrete walks 


Longitudinal slope of sidewalks 


10 


05 


1-5 


Cross slope of sidewalks 


4 


1 


2 


Approaches, platforms, etc 


8 


0.5 


2 


Service areas 


10 


0.5 


2-3 


Terrace and sitting areas 


Concrete 


2 


0.5 


1 


Flagstone, slate, brick 


2 


75 


1 


Lawn areas 


Recreation, games, etc. (noncompetitive) 5 1 


2-3 




Grassed athletic fields 


2 


0.5 


1 


Lawns and grass areas 


25 


1 


5-10 


Berms and mounds 


20 


5 


10 


Mowed slopes 


25 (3:1) 




20 


Unmowed grass banks 


Angle of repose 




25 


Planted slopes and beds 


10 


0.5 


3-5 
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GRADE 
LINE 



FINISH - 
FLOOR 



J "b- 



ffl 



LOAD BEARING BLOCK 
WALL 200 mm (fl' J WITH 
EXTERIOR MASONRY 
VENEER 



SHELF FOR 
VENEER BELOW 
GRADE [t COURSE 
MIN.) 



CONCRETE SLAB 
100 mm (4") 



Li 



-CONCRETE FOOTER WITH 
WATERPROOFED 300 mm [t2") 
BLOCK WALL 




WATERPROOFED 
FOUNDATION 
WALL 



Figure 320*33. 
wall. 



Typical masonry veneer- type exterior 



Figure 320-34. Typical wood-framed wall with exterior 
siding set into a slope. 



GEADF 
LINE 



FRAMED WALL WITH 
FXTEKIOK SIDING 



WATERPROOFED CONCRETE 
OR BLOCK WALL, HEIGHT 
VARIES WTTH GRADE 




FRAMED WALL 
WITH EXTERIOR 
SIDING 



FRAME0 FLOOR 
WITH 

25 X 300 MM 
(2- X 12") JOISTS 



CONCRETE FOOTER 




CRAWL SPACE 
OR BA5EMENT 



WATERPROOFED 
FOUNDATION WAL1 



Figure 320-35. Typical veneered wait with 
or basement. 



crawl space Figure 320-36. Typical wood-framed and -sided wall 
with crawl space or basement. 
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FRAMED WALL WITH 
EXTERIOR SIDING 



tOO MM (4") CONCRETE 
SLAB ON GRADE WITH 
TURNED DOWN FOOTER 




FRAMED WALL WITH 
EXTERIOR SIDING 



100 MM CONCRETE 
SLAB ON GRADE WITH 




SHELF FOR VENEER 
BELOW GRADE ( I 
COURSE MIN.) 



Figure 320-37. Typical 
exterior wall. 



construction with masonry Figure 320-38. Typical slab construction 

and siding. 
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Figure 320-40, Alternative grading 
pattern for baseball field. 



ing. Figures 320-39 through 320-42 show 
typical alternatives. 

Football/Soccer/Field Hockey: 

Turf football fields require a crowned sur- 
face sloping from the center of the field to 
a drainage system beyond the sidelines 
(Figure 320-43). Soccer and field hockey 
can have a 1 percent slope in one direction 
or can be played on a football field with 
center crowning. 




Figure 320-41. Alternative grading 
pattern for baseball field. 

Court Games: 

Most court games should have a relatively 
flat surface, with no perceptible swales or 
ridges (except at the net line for tennis 
courts) (Figures 320-44 and 320-45). 

4.3 Roadways 
Grading and Alignment: 

The principles and criteria for the design of 
major urban and rural highways have been 
established by the American Association of 
State Highway and Transportation Officials 




Figure 320-42. Alternative grading 
pattern for baseball field. 

(AASHTO). The standards for streets and 
local access roads in residential, institution- 
al, commercial, and industrial areas are 
determined by local city or county stan- 
dards. 

Roadway design consists of two major 
phases: (1) alignment of the road— giving it 
horizontal and vertical direction— and (2) 
grading the adjacent landscape to the road 
edge. The designer of a roadway should go 
beyond merely satisfying the engineering 
requirements and see the user as an active 
player to be choreographed through the 
landscape. 

The following criteria should be consid- 
ered during the grading phase of the 
roadway: 

1. Remove extra soils to expose potential 
vistas (Figure 320-46). 

2. Use roadside mounds to screen undesir- 
able views (Figure 320-47). 

3. Improve the soil adjacent to a road to 
enhance the growth of plants (Figure 
320-48). 

4. Blend the new slopes with the existing 
terrain (Figure 320-49) 

Criteria for Road Design: 

1 . For cut side of section, see Figure 320-50 
and Table 320-4 

2. For fill side of section, see Figure 320-51 
and Table 320-4. 

4.4 Details and Special Conditions 

Several typical elements found in a land- 
scape involve special grading. Some of the 
most common ones are discussed below. 

Swales and Ditches: 

Typically, swales are shallow, have a para- 
bolic cross section, and are very wide, while 



1. The percentage of slope can be calculated by the following formula: C=D/L X 100, 
where D=vertical rise, ^horizontal distance, and C=gradient <%). 

2. Grading of outdoor areas is aimed at controlling surface stormwater runoff while 
providing safe and efficient pedestrian and vehicular movement. Essentially, all sur- 
faces should have some slope, or pitch, for proper drainage. It is better to use the 
preferred rather than the minimum gradients shown in Table 320-2. Table 320-3 
shows recommended gradients for outdoor sports areas and playing surfaces. 

3. Roadway design consists of two major phases: (1) alignment of the road— giving it 
horizontal and vertical direction— and (2) grading the adjacent landscape to the 
road edge. 

4. Typically, swales are shallow, have a parabolic cross section, and are very wide, 
while ditches are deeper and have a narrower geometric configuration (Figure 
320-52). 

5. Grass swales (Figure 320-54) tend not to erode if velocities do not exceed 1 200 
mm (4 ft) per second. If velocities exceed 1 800 mm (6 ft) per second, then some 
form of nonvegetative material should be used to construct the swale, such as 
gravel, crushed stone, or riprap (Figure 320-55). 

6. Several site grading techniques can be employed to limit the size, shape, length 
and gradient of these slopes and channels, thereby reducing the volume and veloc- 
ity of runoff (Figures 320-64 to 320-67). 

7. The use of gravel, crushed stone, porous asphalt, or other types of porous paving 
allows either flatter or steeper gradients than bare soil, but their use may not jus- 
tify radical changes from the grading and drainage standards normally used in a 
region. 
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Table 320-3. RECOMMENDED GRADIENTS: SPORTS 



Archery 

Turf 
Aenal darts 



Concrete 
Asphalt 

Clay 

Grasstex or equal 
Synthetic turf 
Baseball 

Skinned infield 
Infield turf 
Mound 
Outfield turf 

Synthetic turf infield/ outfield 
Batting area clay, earth, etc. 

Boccl 



Concrete 
Asphalt 

Grasstex or equal 
Bicycle 

Little effort 

Medium effort 

Walk bike 
Bowling (lawn) 

Turf 
Curling 
Croquet 

Sand, clay, or equal 
Deck tennis 
Field hockey 
Football 

Turf 

Synthetic turf 
Fencing 
Handball court 

Horseshoe (longitudinal ridge level) 

Lacrosse 

Paddle tennis 

Quoits 

Quoitennis 

Roller skating, recreational 

Linear straightaway, concrete 



1 .5-2 {cross slope) 
t (along length) 
Same as tennis 

1.25-1.5 

1.5 

1.5 

0.8-1 

0.8-1 

i- i 25 
1.25-1 

See Figure 320-39 

1.25-1.5 

0,5 

0.5-0.8 

0.5 (along length) 

1-1.5 
I 25-1.5 
0.8-1 

0-3 
8 

20 

0-0.25 
Level 

0- 0.25 

Same as tennis 
Same as football 

1 5-2 to sides 
05-1 
Level 
0.5-1 

' 5-2 to sides 
Same as football 
Same as tennis 
level 

Same as tennis 

1- 1 .25 (pitch to side) 



Curved 2-4 (bank) 

Running track, straightaway 

Clay or soil surface 5-1 (to drain) 

Synthebc surface 0.50.8 (to drain) 

Running track, straight with circular ends 



Clay or soil surface 

Synthetic surface 

Shuffleboard 
Skeetshoot. general area 
Soccer 
Softball 
Speedball 
Tennis courts 
Concrete 

Asphalt, rolled on base 

Clay and grass 

Synthetic surface 

Synthetic turf 
Tetherfaall 
Track-field events 

Shol put, turf area 

Hammer throw, turf area 

Javelin, turf area 

High jump 

Long jump 

Pole vault 



5-0.8 (to curb) 
0.3-1 (100-300 mm) 
(superelevation) 

5-0.8 (to curb) 
0.3-1 (100-300 mm) 
(superelevation) 

Level 

1.5-2 

Same as football 
Same as football 
Same as football 

0.5-1 (cross slope) 
4-0.5 (end to end) 

1 

0.9-1 

5-0.8 
0.5-0.8 

1-2 (from poled) 

1 (axial crown) 
Same 

Same 

Essentially level 
Essentially level 
Essentially level 



Note: Refer to rules published by NCAA and USLYA for more information. 

Source. From Jot D. Carpenter, Handbook ot Landscape Architectural 

Construction, Landscape Architecture Foundation, Washington, DC 
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Figure 320-43. Schematic grading 
for football/soccer/field hockey. 





(50' -0") 




(36' - 0") 



Figure 320-44. Schematic grading for outdoor basketball court. 



Figure 320-45. Schematic grading for out- 
door tennis court. 



FILL tOK SCREENING 
UMtrFDVTFW 




o 

fN 

m 



Figure 320-46. Grading to expose Figure 320-47. Grading to screen Figure 320-48. Grading to facilitate 
vista. undesirable uiew. better plant growth. 
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Figure 320-49. Grading to blend 
slopes with existing terrain. 
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Figure 320-50. Cut side of cross section through road. 
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Figure 320 52. 
cross sections. 



Swale and ditch 



ditches are deeper and have a narrower 
geometric configuration (Figure 320-52). 

Empirical data related to the hydraulic 
properties of ditches can be found in 
Section 330: Stormwater Management 
Swales are commonly used in grading to 
move water gently from one part of the site 
to another. Their function is to collect and 
divert the flow of surface runoff away from 
critical parts of a site. At their terminus, 
swales must either spread the channelized 
water into sheet drainage or empty the 
water into a ditch, stream, or underground 
drainage system. Figure 320-53 illustrates 
the use of a swale to divert water away 
from a building site. 

The slope of the channel determines the 
velocity of flow and consequently the ero- 
sive potential. Since the side slopes of the 
swale do not affect this rate of flow, they 



W- HEIGHT OF FILL 
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Figure 320-51. Fill side of cross section through road. 
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Figure 320-53. Swales to divert water around building. Note that the channel 
widens and the slope diminishes as the swale approaches existing grade. 
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may be much steeper and respond to other 
design criteria. 

Grass swales (Figure 320-54) tend not to 
erode if velocities do not exceed 1 200 mm 
(4 ft) per second for established blue-grass 
turf or 1 800 mm (6 ft) per second for 
established tall fescue turf. Spreading 
grasses, such as Bermuda or St. Augstine, 
exhibit similar resistance to erosion. The 
durability of grasses will vary considerably 
throughout various climatic regions. In the 
United States, regional Natural Resource 
Conservation Services can be consulted 
about which native grasses to use for ero- 
sion control. 

If velocities exceed 1 800 mm (6 ft) per 
second, then some form of non vegetative 
material should be used to construct the 
swale, such as gravel, crushed stone, or 
riprap (Figure 320-55). 

Drainage Channels with Unprotected Soil: 

Table 320-5 lists the velocities that will not 

erode aged drainage channels. 

1. Aging means allowing time to increase 
the density and stability of the channel 
bed material through the deposit of silt 




Figure 320-54. Typical grass swale 
grading. 




PI AM 



Figure 320-55. Typical ditch grading. 
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Table 320-4. SPATIAL STANDARDS FOR ROADS 



Single-lane road 
Two-lane road 
Four-lane road 



Natural loll 

Gravel, crushed stone 

Intermediate-type bituminous 

High-type bituminous 

Concrete 

Brick or stone 



Minimum width 
Minimum desirable width 
Preferred width 

Slope 



Slope 



Earth, minimum 
Earth, preferred 
Ledge rock, minimum 
Shale 



Earth, minimum 
Earth, preferred 



Minimum depth 
Maximum inslope 



3 000-4 200 mm (10-14 ft) 
6 000-7 200 mm (20-24 ft) 
6 000-7 200 mm (20-24 ft) either direction 



15 mm : 300 mm (1/2 In : 1 ft) 

10-15 mm 300 mm 
(3/8-1/2 in :1ft) 

5-10 mm : 300 mm 
(1/4-3/8 in 1 ft) 

3-5 mm 300 mm 
(1/8-1/4 In : 1 ft) 

2.5-4 mm : 300 mm 
(1/10-3/16 in : 1 ft) 

5 mm 300 mm (1/4 in 1 ft) 



300 mm (1 ft) 

600 mm (2 ft) 

2 400-3 000 mm (8-10 ft) 

15 mm : 300 mm (1/2 in 1 ft) 
(approximately 4%) 



4 : 1 



11/2:1 
2 : 1 or 3 . 1 
1/4: 1 
1/2: 1 



2 : 1 
4 1 



300-600 mm (1-2 ft) below shoulder elevation 

3 : 1 



Source: From Public Roads Administration. American Association of State Highway Officials, State 
Highway Departments. 



in the interstices and the cementation of 
the soil by colloids. New channels may 
be safely operated at less than maxi- 
mum design velocities by the use of typ- 
ical erosion control measures, including 
temporary check structures. 
2. Velocities should be reduced for depths 
of flow under 150 mm (6 in) and for 
water which may transport abrasive 
materials. 

Culverts and Headwalls: 

The grading scheme and the design of the 
headwall for a culvert must be totally inte- 
grated. Figure 320-56 illustrates how a 
headwall and wings serve as a retaining 
wall to allow full exposure of the culvert 
pipe. 

Slopes and Berms: 

The angle of slopes should be considered in 
regard to aesthetic, drainage, and mainte- 
nance needs. 

Figure 320-57 shows how steep slopes 
used for earth berms or mounds can be 
graded, using the following rules of thumb: 

1. Provide for nonerosive drainage at the 
tops and bottoms of slopes. 

2. Grade the tops of banks to be smoothly 
convex and the toes smoothly concave. 

3. Grade the slopes to blend in with the 
surrounding landscape. 

5fa/rs and Ramps: 

Standards for outdoor stairs and ramps are 
discussed more fully in Section 240: 
Outdoor Accessibility. Stairs and ramps 
should be designed as an integral part of 
any overall grading plan (Figure 320-58). 

Existing Trees: 

Grading around existing trees should be 
managed with great care, using one or 
more of the following techniques: 

1 . Figure 320-59 shows how to avoid grad- 
ing, cutting, or filling above the root 
zone of a tree. For most species this 
means staying outside the drip line of 
the tree. Also, the weight of the grading 
equipment driven over the root zone 
will tear root hairs and compact the soil, 
thereby restricting vital water and air 
from flowing to and being assimilated 
by the roots. 

2. If filling around an existing tree cannot 
be avoided, then the tree must be pro- 
tected. Figures 320-60 and 320-61 illus- 
trate a typical method of protection.This 
technique permits adequate flow of air 
and water to the roots of the tree. 

3. Figure 320-62 shows another way to 
create a flat area and at the same time 
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2:1 MAX. SLOPE 




maintain EXISTING 
GRADE WITHIN 
SPREAD OF BRANCHES 



PROPOSED CONTOURS 



Figure 320-58. 

tread/riser ratios 
ble. 



Grading of stairs and ramps. Note that 
than 2:1 are advisable whenever possi- 



DRT-LAID WALL 





SITE NLTWORK 



Figure 320-59. Grading near existing trees. 



PROPOSED GRADE - 



B- DEPTH 
Of FILL 



100 MM PERFORATED 
DRAW TILE {4") 



Figure 320-60. Retaining wall and drainage for exist- 
ing tree in area of fill (section). 



protect existing trees. A deck is con- 
structed, with footings that do not dis- 
turb the root system around a tree. The 
deck's layout can be adjusted to the 
specific site conditions. When buildings 
or other such structures are involved, as 
.£ shown in Figure 320-62, it is better to 
Jp use lightweight footings with crawl 
k_ spaces rather than on-grade slabs with 
O compacted subgrades. 

Figure 320-63 shows how grade beams 
^ and piers can be used to support walls and 
other structures without having to cut the 
O ma i or roots of existing trees. 

CM 

m 



Erosion Control by Grading: 

Most erosion is caused by flowing water 
The size and shape of a watershed, the 
porosity of its soils, and the length and gra- 
dient of its slopes and channels are key 
determinants controlling the volume and 
velocity of runoff and the risk of erosion. 
Several site grading techniques can be 
employed to limit the size, shape, length, 
and gradient of these slopes and channels, 
thereby reducing the volume and velocity 
of runoff. 

Gradients can be reduced by extending 
the length of a slope. This uses more land, 
but it does reduce the amount of erosion 



and the potential slumping of hillsides 
(Figure 320-64). 

Used singly or in combination, diversion 
swales, ditches, and dikes can intercept and 
divert runoff from the face of a slope 
(Figure 320-65). 

Soil Slippage: 

Several factors may cause soil masses 
altered by either cutting or filling to slide. 
The most common causes are improper 
cuts or fills and insufficient attention to sur- 
face and subsurface drainage characteris- 
tics. (In some regions where there are 
unstable soils there may be local standards 
that have to be met, including the use of 
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Table 320-5. ERODI BILITY OF DRAINAGE CHANNELS 
WITH UNPROTECTED SOILS 



Acceptable Velocity 



Material of channel bed 


Shallow ditch, 
m/i (ft/s) 


Deep canal, m/s (ft/s) 


Fine sand or silt, noncolloidal 


0.15-0.45(0.50-1.50) 


0.45-0.76(1.50-2 50) 


Coarse sand or sandy loam, noncolloidal 


0.30-0.45 (1 00-1.50) 


0.53-0.76(1.75-2 50) 


Silty or sand loam, noncolloidal 


0.30-0.53 (1.00-1 75) 


0.60-0.90 (2.00-3 00) 


Clayey loam or sandy clay, noncolloidal 


0.45-0.60 (1 50-2.00) 


0.68-1 05 (2.25-3.50) 


Fine gravel 


60-0.76 (2.00-2.50) 


0,76-1.50 (2.50-5.00) 


Colloidal clay or noncolloidal gravelly loam 


0.60-1 .0(2.00-3 00) 


1.00-1.50(3.00 5.00) 



EXISTING TKfcfc 



KT IAIDWAU 
9O0 MM RADIUS 
(31 



Figure 320-61. Retaining wall and 
drainage for existing tree in area of 
fill (plan). 




VENTS LOCATED AT TILE NTERSECT10NS AND 
EVERY 2 400 MM (ft*) ON THE OUTEH KWG 



vegetative or mechanical anchors.) Figures 
320-66 and 320-67 illustrate alternatives 
for grading to stabilize cut-and-fill banks. 
Erosion control techniques are covered 
more fully in Section 640: Disturbed 
Landscapes. 

Grading for Porous Paved Surfaces: 

The use of gravel, crushed stone, porous 
asphalt, or other types of porous paving 
allows either flatter or steeper gradients 
than bare soil, but their use may not justify 
radical changes from the grading and 
drainage standards normally used in a 
region. 

Some artificial turf systems require an 
extremely porous subbase so that water 
will immediately penetrate the surface. This 
water must then be carried away by a sub- 
surface drainage system of an appropriate 
capacity. Using such a system allows play 
surfaces to be graded flat. 

Parking Areas: 

Grading of Parking Areas- The minimum 
and maximum gradients required for vehic- 
ular access and parking areas are often the 
major determinants for the grading plan of 
a site. Figure 320-68 illustrates how a park- 
ing lot can be stepped down a steep slope. 
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Figure 320-65. Grading to divert runoff. 




Fill SECTIONS 

Figure 320-66. Stabilization techniques for cuts on hill- 
sides. 

Figure 320-67. Stabilization techniques for fills on hill- 
sides. 



As shown in Table 320-2, the recom- 
mended maximum cross slope for a parking 
area is 10 percent. The steeper transitional 
area between bays can be taken up by a 
planting bay and a ramp (maximum 15 
percent slope) (Figures 320-69 and 320- 

— Figure 320-71 shows how in extreme 
circumstances single-loaded parking bays 
»- may be used to fit steep sites. Similarly, a 
O combination of ramps and segmented 
<U parking bays may be used to achieve a 
rti grading solution on a slope with existing 
vegetation (Figure 320-72). 

O Runoff Control from Parking Areas- 

^| More municipalities require that the 
ff) increased stormwaler runoff caused by 



new paving and structures should be con- 
tained within a site. The manner in which 
this is achieved is usually determined during 
the grading process. Quantities of water to 
be retained can be calculated with the data 
provided in Section 330: Stormwater 
Management 

Figure 320-73 illustrates the alternative 
of using an overflow parking area as a 
detention basin when a separate detention 
basin cannot be fitted into the scheme. 

Figures 320-74 through 320-76 illus- 
trate how swales may be filled with a 
porous material, such as rock, to give a 
level appearance and yet act as multiple 
retention basins between parking bays 
This method, in addition to controlling 



runoff, serves to recharge the groundwater 
and increase the moisture content of sur- 
rounding soils. 



5.0 EARTHWORK PROCESSES 



5.1 Grading As Part of a Sequential 
Design Process 

Although circumstances may vary from site 
to site, most grading operations proceed 
according to the following steps. 

Preparation of the Site: 

Clearing, Grubbing, and Removal-Remove 

designated trees and other types of vegeta- 
tion from an area to be graded. Note that 
in some cases it is recommended that all 
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MAXIMUM WOKE FOR 
STEI-COWN BETWEEN BATS 




Figure 320-70. Example of an island 
section between parking bays. 



Figure 320-71. 
slope. 



Combined single and double parking bays to adapt to steep 



PARKING BAY 



Figure 320-72. Segmented parking witK 
walls and ramps to save existing trees. 
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TABLE 320-6. Earth and Rock-Moving Equipment 





Characteristics 


Use 


Bulldozer 


Front-fitted rectangular blade 

r.in h<=t r.ilcnH nr nuiMNI 

i-o.ll Ut. \ Ul IUWcICu 


Push earth or rock. Limited 

("■iFVTritv nupr Lift? a Hicfjnr*M; 
i. ii pen, u y uvti iu.i£^c* uiji.ni ii-tra 


Angledozcr 


Same principle as for a bulldozer 


Push earth aside to left or 
right rather than ahead 


Sideboom dozer 


Cantllevered blade on side of 
machine adjustable In vertical plane 


Trim slopes to an even batter 


Grader 


Curved section steel blade rotates 
in horizontal or vertical positions 


Excavate shallow cuts. 
Cannot operate on 
vertical sites 


Ripper-scarifier 


Steel teeth, or tines, mounted 
on a frame 


Break up or scarify hard, 
compacted earth 


Face shovel 


Operates at its own level 
Open -type bucket or dipper 
Is filled by dnving it into 
material being excavated 


Excavate clay, chalk, and 
loosened rock 


Skimmer 


Similar to face shovel, with more 
restricted movement and 
lower output Will produce 
accurate finished level 


Shallow digging 


BacKsnovei or uragsnovei 


Working stroke is toward the 
machine. Excavates at a level 
below that of the machine's tracks 


Ideal for use in confined 
spaces 


Trencher or digger 


Alternative to the backshovel 


Excavating narrow, 
vertical -sided trenches 


Dragline 


Excavating bucket filled by 
dragging it toward the 
machine. Excavates at a level 
below that of the machine's tracks 


Excavating in soft materials 
and swampy sites 



existing plant material to be removed Topsoil Stripping- 
should be chopped and mixed with topsoil. 

This technique often proves to be an excel- 1 • stri P to a specified depth determined by 

lent way to help reestablish a similar type of evaluation of the soil. This depth may 

vegetative cover. Sod should be removed vary from 75 to 600 mm (3 in to 2 ft), 

or broken up by disks to prevent lumping 2 stockpj(e ^ stripped tQpsoj| ,„ |ocatjons 

during reuse. outside flf the no . cut/no . fj || )imjts of the 

project, close to where it will be used 
later. 

Excavation and Preparation of Subgrade: 

1. Cut to the elevations indicated on the 




grade stakes set by the engineer or sur- 
veyor. Cutting and filling can be con- 
ducted simultaneously. The fill portion 
must be compacted according to prede- 
termined construction standards. 

2. Fill for planted areas should be compact- 
ed only enough to retain 30 percent 
minimum porosity. 

3. Fill material must be put down in 150- 
200 mm (6-8 in) layers. Compact and 
test each layer to conform with speci- 
fied densities. 

4. Topsoil is added last to bring the grades 
to the levels and slopes shown on the 
grading plans. 

5.2 Earth and Rock-Moving 
Equipment 

There are many types of equipment that 
can be used to do grading. Table 320-6 
shows some of the more common types 
and describes their characteristics, including 
typical uses. 

5.3 Information on Soil and Rock 
Material 

The initial site design and the eventual 
grading plan should be prepared based 
upon knowledge of the composition and 
other characteristics of the soil and/or rock 
to be moved. This data can be obtained in 
a variety of ways, depending upon the level 
of detail needed. 

Sources of Information: 

General soil data in the United States is 
published by the U.S. Department of 
Agriculture (USDA) and the National 
Resource Conservation Service (NRCS) for 
most states, on a county-by-county basis. 

Specific information on soils can be 
obtained by borings or test pits at selected 
places on a site. These soil profiles can be 
analyzed to determine their effect on 
design and/or construction costs. 

Data on depth to bedrock can be 
obtained by rod soundings for small-scale 
projects or by borings made by power 
augers. 

Typical Soil Profile: 

Figure 320-77 illustrates a typical soil pro- 
file for the central United States. Similar 
data can be found for other parts of the 
United States via the NRCS, local university 
or state agricultural departments, and other 
local sources of information. In other coun- 
tries there are often similar sources of gen- 
eralized soil data. 
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Figure 320-76. Porous-fill or slot swales for storm water 
retention. 



Figure 320-75. Porous-fill retention area between 
parking bays (plan). 
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TYPICAL RANGE DESCRIPTION 



HOW TO USE 




SURFACE 
SOIL 



SUBSURFACE 



SUBSOIL 



LOWER 
SUBSOIL 



PARENT 
MATERIAL 



BEDROCK 



150-600 mm 
(6"-24") 



150-60O mm 
(6" -24") 



150-2 400 mm 

{6"-8') 



150-2 400 mm 
(6"-8') 



Dark gray colored - high 
organic matter, high 
blotle .-ictivity.abundant 
roots, commonly leached. 



Moderately dark — many 
roots, moderate organic 
matter, commonly leached. 



Below plow depth - 
or reddish colored 
clay than eurface. 
fewer roots. 



brown 
more 



More yellowish and lees 
clay - fewer roots than 
subsoil, less aeration 
than above 



Unconsolidated - slightly 
weathered rocky mass 
from which soil develops. 
No blotlc activity. . 
few roots 
Consolidated rock. 



Should be stripped 
from construction site, 
stockpiled for backfill In 
planting areas - not 
suitable for fill under 
construction. 

May be used as fill 
under topsoil and may 
respond to compaction 
under some construc- 
tion. 

Not desirable for plant 
groivth but may make 
good compacted 
subsurface for con- 
struction.* 

Not desirable for plant 
growth but may make 
good compacted 
subsurface for con 
st ruction.' 

Good base course 
material when properly 
placed and compacted 
for construction. 



'Depends upon soil quality and type of construction anticipated. 
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Figure 320-77. Typical soil 

forming processes. 

Rock in Relation to Grading: 

Rock is generally considered to be any 
material which requires blasting before it 
can be dug or moved by machines. 

In preparing a grading plan that involves 
rock, the most useful data includes: (1) the 
amount of soil cover, or depth of earth to 
rock, (2) how much of the top layer rock is 
loose and can be easily broken, (3) how 
much of the rock will have to be blasted, 
and (4) the basic type of rock. As a general 
rule of thumb, the cost of blasting and 
moving rock is typically 7 to 10 times high- 
er than moving dry, deep, moderately 
cohesive soil. 

Rock is typically classified into three 
major groups. Only a brief description of 
each is included here. 

Igneous: Igneous rock is solidified from a 
molten state, either at or beneath the sur- 
face of the earth. It is crystalline, typically 
not exhibiting a grain, Thus, it breaks irreg- 
ularly depending on its composition. 

Sedimentary: Sedimentary rock is made 
from the sedimentation of soil, plant, and 
animal remains that have hardened as a 
result of pressure, time, and the deposition 
of natural cements, typically at ocean 



A soil horizon is a significant layer of soil ttiat has distinct characteristics produced by soil- 



depths It will fracture along the planes of 
sedimentation. 

Metamorphtc: Metamorphic rock con- 
sists of previously igneous or sedimentary 
rock that has been altered by extreme heat 
and pressure, either at great depths or 
along tectonic fault lines, etc. It often 
exhibits some veining or foliation, which 
may fracture naturally as well as during 
blasting and excavation. 

Swell and Shrinkage: 

When soil or rock is dug or blasted out of 
its original position, it breaks into particles 
or chunks, which creates more spaces and 
adds to its bulk. This increase in volume is 
called swell When soil is placed in a new 
location with nominal compaction, these 
voids are filled and some shrinkage occurs. 
Rock, on the other hand, swells. 
Compaction will not compress rock excava- 
tion to its original volume. Table 320-7 
shows a guide to help estimate the amount 
of shrink or swell involved with different 
types of materials. The percentage ot swell 
and shrink can be calculated using the fol- 
lowing formula: 



Swell: Sw 



Shrinkage: Sh-ft-— VxlOO 

Where: 

Sw= % Swell 

Sh = % Shrinkage 

B = Weight of undisturbed bank 

L = Weight of loose earth 

C= Weight of compacted earth 

Example: Find the % swell and % shrink- 
age for earth whose weights are: 

Bank measure undisturbed 1 474 kg/m' 
Loose measure 1 218 kg/m 3 

Compacted 1 730 kg/m 3 



Swell: Sw 



x 100 



= fl 4 Zf_ 1 ] x 100 = 21% 
11218 / 

Shrinkage: Sh=|l- J x 100 



= (l-I*™UlOO--15% 
1730/ 



1 x 100 
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MJ1.D 
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103.3 
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9o!5 "99.B 'lOU> VJZJD 
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7T 



47" 



4.S 



T 7.0 



The area to be graded Is divided Into squares and 
the corners of the squares are labeled a.b, c, and 
d, depending on the number of squares each cor- 
ner pertains to. The bottom of the excavation Is 
to be at elevation 95.00. Figure B shows the 
existing elevations of the earth surface obtained 
by interpolating between the contours. Figure C 
shows the depth of cut at each of the comers, 
obtained as follows: 



'a* Corners 
101.6 
-95.0 
6.6 

V Corners 



103,3 
-95.0 

8.3 



99. & 
-95.0 

4.8 



99.3 
-95.0 



102.0 
-95.0 

4.3 7.0 



i 31.0 total cut 



102.2 200.4 102.5 
-95.0 -96.0 -95.0 
5.4 7J5 



7.2 



102.1 99.8 101.0 
-95.0 -95.0 - 95.0 
6.0 



7.1 



4.8 



V Corners 
99,7 
-95.0 
4.7 

'd' Comers 

101.2 101,0 
-95.0 -95.0 



6.2 6.0 



38.0 total cut 



i 4.7 total cut 



= 12.2 total cut 



Then, using the formula 

a + 2b + 3e + 4d X A 
Volume = - 



where A = aSTRS PG 40 x AO ft. square, or 
1.600 sq. ft. Then 

Volume = 3U > + 2 P M}»3(*7 + 4 (B2}> x 1600 



= 31.0 +76.0 + 14.1 + 48.8 



X1600 



: 1699 X 1600 = 67.960 eu. ft. 
4 



67.960 
27 



■ 2,517 cu. yd. 



Figure 320-78. Grid method for estimating earth volume. 



Weights of Soil and Rock Material: 

Table 320-8 shows typical weights for a 
range of materials, when in place and after 
excavation. 

5.4 Estimating Cut and Fill 

General Considerations: 

Techniques for estimating earthwork quan- 
tities are only approximations. This is true 
for several reasons: (1) spot grades from 
field surveys are typically accurate only to 
30 mm (0.1 ft), (2) contours shown on sur- 
vey maps are legally accurate only to one- 
half of the contour interval, and (3) the 
amount of swell or shrinkage cannot be 
predicted with any high degree of preci- 
sion. 

Not all estimates of cut and fill need to 
involve the same degree of accuracy. For 
instance, in the early stages of a site plan it 
may be important to know in only general 
terms whether there can be a balance of 
cut and fill. 

Estimating Required Grading Quantities: 

Preparation of a preliminary site plan 
and related grading plan can determine 
whether there will be a serious imbalance 
of cut or fill. Often an imbalance can be 
corrected by raising or lowering noncritical 
areas of a site design or even by raising or 
lowering the finish grades for an entire site. 

Table 320-9 provides a quick estimate of 
the amount of raising and/or lowering 
required to correct an imbalance of cut and 
fill, once the amount of such imbalance is 
known. 

Three methods are commonly used to pre- 
pare estimates of the quantities of grading 
needed. Each one is briefly discussed below 

Grid or Borrow Pit Method: 

The grid method is relatively simple, quick, 
and easy to use. It is useful for estimating 
the excavation of buildings, etc. This 
method provides a considerable degree of 
accuracy (Figure 320-78). 

Average End-Area Method: 

The average end -area method is common- 
ly used to estimate volumes on linear ele- 
ments, such as roads and highways. Cross 
sections are taken at 15 000 - 30 000 mm 
(50-100 ft) intervals perpendicular to the 
centerline. The simplest average end-area 
procedure is to average areas, multiply by 
the distance between them, and then, 
assuming that this results in a cubic-foot 
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CUT *2» SJ=. 
raoposep GKADE 



Sample Problem : 
5tatione 



CUT 



FILL 



+ 342 + 86 
+ 00 to + 50: X 50 = 6550 ft 3 X 50 = 2200 ft 3 



342 + 416 66 + 110 
+ 50 to 1 + 00: X 50 = 16,950 ft 3 X 50 = 4950 ft* 

2 2 
416 + 428 
2 

426+ 



1 + OO to 1 + 50: 



110 + 436 

X 50 = 21.100 ft 3 X 50 = 13.650 ft 3 



1 + 50 to 1 + 60: 



436 + X10 
X 50 = 2140 ft 3 = 2180 ft 3 



50,740 



ft 3 



27 

= 1679 yd 3 CUT 



22.980 

■■ ft 3 

27 

851 yd 3 FILL 



Figure 320-79. Average end-area method for estimating earth volume (sam- 
ple problem). Calculate taper to existing grade Station to Station 50, and last station 
to the end of grading, by averaging. 



figure, divide by 27 to convert to cubic 
yards. 

Contour Method: 

This method, when combined with the 
Contour Method Tabulation Form and 
Summary Sheet (Table 320-10), provides 
the following information: 
t. Total area stripped 

2. Topsoil stripped 

3. Topsoil replaced (including shrinkage) 

4. Subsoil removed 

5. Subsoil replaced (including shrinkage) 

6. Total area and volume of hardscape 

7. Total area of softscape 

This method is widely used by landscape 
architects because it is very accurate for 
making final grading adjustments and for 
preparing cost estimates. The step-by-step 
process for using the contour method is 
outlined below. 

Step 1: Delineate the no-cut/no-fill zone 
throughout the entire project (Figure 320- 
80 and 81) and calculate the gross area in 
cut and the gross area in fill. Gross area 
refers to area delimited by the no-cut / no- 
fill line and the limits of grading line in cut 
and fill zones respectively. 

Step 2: Measure the total surface area of 
each contour in cut or each contour in fill 
separately and enter this area on the appro- 
priate line next to the contour number 
Drawings are commonly in digital format 
allowing area to be calculated using the 
computer; otherwise, a planimeter is used. 

Step 3: Determine the depth of topsoil 
to be stripped and calculate the cubic vol- 
ume separately for cut and fill using the 
gross areas entered at the top of the table 
Enter these figures (TS) in the summary 
chart section of Table 320-10 on the appro- 
priate Cut and Fill lines 

Step 4: Measure the proposed hardscapp 
areas in the cut zone and the fill zone and 
enter the measurements under column H 
area on the respective Cut and Fill lines. 



TABLE 320-7. Estimating Shrink and Swell 



_C 
TJ 

in 

O 

CM 

no 



Material 

Sand 

Common earth 
Clay 

Shot rock 
Gravel, loose 



After excau 



0.83 m3 (111 ydJ) 111 % swell 
0.94 m3 (1.25 yd') 125 % swell 
1.00 m.3 (1.43 yds) 143 % swell 
1.30 m3 (1.67 yd->) 167 % swell 



0.75 m« (1 ydO 
0.75 m (1 yd^) 
0.75 m3 (1 yds) 
0.75 ntU (1 yds) 
0.75 mi (1 yd*) 



Aim 



: produced by 1 



r (1 yd), 



0.66 mJ (0.88 ydJ) 12 % shrink 

0.60 ms (0.82 yd]) 18 % shrink 

0.65 mJ (0.87 yda) 13 % shrink 

0.67 ms (0.89 yds) 1 1 % shrink 



• Materials used for compacted subbase will exhibit higher shrinkage levels under the appropriate moisture conditions and compaction technique 
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Table 320-8. WEIGHTS OF SOIL AND ROCK MATERIALS 



Mater.*! 


Weight 
in bank, 
kg/in* 




Loose 

It v j "ma 
Kg* ma 




Clay 










Dry 


1 044 


(2300) 


QIC 


(low/ 


Light 


1 271 


(2oUU) 


ya i 




Dense, tough, or wet 




\ 3ULWI 


1 021 


(2250) 


Earth 










Dry 


1 271 


(230O) 


1 017 


(2240) 


Wet 


1 530 


(3370) 


1 256 


(2700) 


With sand and gravel 


1 407 


(3100) 


1 198 


(2640) 


Earth and rock mixture, such 
as unclassified excavation 


1 135-1 362 


t^:>UU- ILKaJ) 


872-1 048 (1920-2310) 


Gravel 










Dry 


1 475 


(3250) 


1 317 


(2900) 


Wet 


1 634 


(3600) 


1 453 


(3200) 


Loam 


1 226 


(2700) 


1 017 


(2240) 


Rock. hard, well-blasted 










Sand 


1 816 


(4000) 


1 216 


(2680) 


Dry 


1 475 


0250) 


1 317 


(2900) 


Wet 


1 634 


(3600) 


1 453 


(3200) 


Sandstone 


1 880 


(4140) 


1 353-1 185 (2980 2610) 



Source: Herbert L. Nichols, Jr., Moving the Earth, D. Van Nostrand Company, Princeton. New Jersey, 
1955, 



Step 5: Calculate the volumes for hard- 
scape in the cut and the fill zones and enter 
these volumes under H vol. in the summa- 
ry chart at the appropriate Cut and fill 
lines. 

Step 6: To determine the total non- 
paved area to receive topsoil for planting, 
subtract total hardscape area (H area) from 
the total no-cut / no-fill zone project area 
by first, subtracting the area of hardscape 
in the cut zone from the total area in the 
cut zone; then, subtracting the area of 
hardscape in the fill zone from the total 
area in the fill zone. Enter the resulting area 
in column S (softscape) at the lines appro- 
priate for Cut and Fill. 

Step 7: Determine the thickness to 
which the topsoil is to be replaced and cal- 
culate separately the required volumes for 
the cut and the fill areas respectively found 
in Step 6. Enter the volumes in column TR 
(topsoil replaced) on the appropriate lines 
for Cut and Fill. 

Step 8: Calculate the gross cut and gross 
fill volume separately by using the formula: 

|p 4 A) ♦ Aj + 
where: 
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Figure 320-81. Section for contour method. 



C 

k_ 
O 

In 

O 
fN 

m 



A= area of contour planes measured 
between original and finished con- 
tours 

i= contour interval (vertical distance 
between contours) 



Table 320-10: CONTOUR METHOD FORM AND SUMMARY SHEET 



CUT 

Gross area in cut = _ 



FILL 

Gross area in fill = _ 
Contour Number 



Area 



Enter the volume for the cut area under Contour Number Area 

C (cut) on the Cut line. Enter the volume [ 

for the fill area under F (fill) on the Fill line. 

Step 9: Using the formula SC = -C + R + j 

TR - TS, calculate the subsoil cut. Enter the 
volume cut in column SC (subsoil cut) on 
the Cut line. j 

Step 10: Using the formula SF = -F + TS 

- TR - R, calculate the subsoil fill. Enter the "i 

volume fill in column SF (subsoil fill) on the 

Fill line. (A negative answer can be Inter- 
preted as an indication that additional sub- 
soil may need to be removed in order to ' Gro " area rcfers to area del,mlted b V no^ut/n^fW line and limits of grading hne in cut and fill zones 

respectively 

make room for hardscape materials.) 

Volume m cut or Volume in filll can be calculated as follows: 

Step 11: Complete the summary chart 
by adding the columns vertically and incor- 
porating shrinkage factors where appropri- 
ate. 
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Volume = ■ — t A; +■ Ai + Ai + .. + — ' 
( 6 6 ' 

Where A = Area of contour planes measured between original and finished contours 
I = contour interval 

Note: If calculating area with a planimeter in square feet, the result of the above equation must be multi- 
plied by the square of the drawing scale divided by 27 in order to yield cubic yards 
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C=Volume of Cut 

SC = Subsoil Cut (-C+H vol +TR-TS) 
F=Volume of Fill 

SF=5ubsoll Fill (-F+TS-TR- H vol ) 
TS=Volume of Topvoil Stripped 



H vol. = Volume of Hardscape (paved) 
H area = Area of Hardscape (paved) 
TR = Volume of Topsoil Replaced 
S = Area of Softscape (non-paved) 
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1. Most grading operations pro- 
ceed according to the following 
steps' preparation of the site, 
topsoil stripping, excavation and 
preparation of subgrade 

2. The initial site design and the 
eventual grading plan should be 
prepared based upon knowledge 
of the composition and other 
characteristics of the soil and/or 
rock to be moved. This data can 
be obtained from the National 
Resource Conservation Service 
(NRCS), or equivalent interna- 
tional agencies. More specific 
information can be collected 
through soil borings and test 
pits. 

3. When soil or rock is dug or blast- 
ed out of its original position, it 
breaks into particles or chunks, 
which creates more spaces and 
adds to its bulk (Table 320-7) 

4. Preparation of a preliminary site 
plan and related grading plan 
with cut and fill calculations can 
determine whether there will be 
a serious imbalance of cut or fill. 

5. The grid method is useful for 
estimating the excavation of 
buildings. 

6. The average end-area method is 
commonly used to estimate vol- 
umes on linear elements, such as 
roads and highways. 

7. The contour method is widely 
used by landscape architects 
because it is very accurate for 
making final adjustments to the 
grading and for prepanng cost 
estimates. 





Figure 320-82. Metric grading plan example: Kuwait Postal Services Complex, 
TAC, Inc 
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1.0 INTRODUCTION 



Stormwater management in landscape 
architecture includes a broad range of 
applications and issues. It includes 
long-term regional planning concerning 
land areas measured in square kilometers. It 
also includes site design where land areas 
are more appropriately measured in square 
meters. At every level, stormwater man- 
agement is the prediction and direction of 
the movement of stormwater runoff. 

Many of the standards provided in this 
section vary with locality and regional cli- 
mate. Also, the information relative to 
water quality design is provided in the con- 
text of a rapidly developing knowledge 
base and evolving practice. Stormwater 
management is as much an art as a science, 
requiring judgement in the use of available 
data and application of calculations and 
techniques. Readers should check local 
practice and standards before applying the 
information presented. 



2.0 DESIGN INFORMANTS 



2.1 Hydrologic Cycle 

The hydrologic cycle is the global process of 
the earth's water movement. The energy 
that operates the system comes from the 
sun and the earth's gravity (Figure 330-1) 
In general, urbanization locally disrupts the 
hydrologic cycle by sealing the ground sur- 
face with imperviousnes5 and compacted 
soils, shifting precipitation from the infiltra- 
tion and subsurface runoff path to the sur- 
face runoff path, 

2.2 Precipitation and Runoff 

Precipitation occurs as rainfall, snowfall, or 
mixtures of each. Snow and snowmelt are 
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Figure 330-1. The Hydrologic Cycle. 



not typically major factors in small water- 
sheds. For site planning and design, 
stormwater management focuses on the 
estimation of runoff from rainfall. 

2.3 Watershed Conditions 

The amount of runoff water that flows to a 
particular point in the landscape is depen- 
dent upon the size of the watershed, the 
portion of landscape that contributes or 



drains runoff to that point. The watershed 
has a topographically determined bound- 
ary, consisting of a line of ridges and saddle 
points that divides the land contributing 
runoff water to the particular point of con- 
cern, from areas that contribute runoff 
elsewhere. 
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Figure 330-2. Diagrammatic sections 
showing runoff and runon. 



Land Coven 

The character of land cover affects inter- 
ception of rainfall. Generally, land cover 
with greater complexity will intercept more 
precipitation. The most complex land covers 
are highly layered plant communities with 
vast amounts of leaf area that must be wet- 
ted before runoff is shed. One of the effects 
of urbanization is the simplification of sur- 
faces. Artificial surfaces tend to be substan- 
tially less complex than native surfaces, and 
intercept comparatively less rainfall 

Sorts and Infiltration: 

Infiltration into the ground is the primary 
cause of rainfall loss. Soil type is the princi- 
pal determinant of infiltration Sandy soils 
infiltrate more water at a faster rate than 



clay soils. Paved surfaces negate the infil- 
tration capacity of soils. Urban soils can act 
very much like pavement because the 
porous structure of the soil has been 
destroyed by compaction. 

Imperviousness: 

A major impact of urbanization on 
stormwater is the establishment of large 
areas of impervious surfaces. Impervious- 
ness radically alters the water balance of a 
site by increasing runoff in terms of both 
volume and peak discharge. 

The arrangement of impervious areas 
relative to drainageways has a powerful 
influence over the amount of runoff gener- 
ated (Figure 330-2). Where runoff drains 
directly from impervious surfaces into 
drainageways, runoff is maximized. Where 
runoff drains from impervious surfaces as 
sheet flow onto pervious surfaces (e.g. 
grass), runoff is minimized. The former case 
is termed connected imperviousness 
because it is directly connected to the 
drainage system. The latter case is termed 
disconnected imperviousness. Site design 
that seeks to maximize disconnected 
imperviousness will result in less stormwa- 
ter runoff and better water quality. 

Moisture Conditions: 

Wet surfaces produce more runoff than dry 
surfaces. Assumptions must be made about 
antecedent moisture conditions prior to a 
design rainfall. Typically, normal or average 
moisture conditions are assumed. 

Slope: 

The average slope of a watershed affects 
the amount of runoff generated Rain 



The amount of runoff water that flows to a particular point in the landscape is depen- 
dent upon the size of the watershed and its physical characteristics. 

1. Complex land covers (e.g. highly layered plant communities) result in less runoff, 
Urbanization tends to simplify land cover, often causing an increase in runoff volumes. 

2. Soil type is the principal determinant of infiltration rates. Urbanization tends to result 
in greater impervious surface, as well as compaction of the earth, reducing the poten- 
tial for infiltration of stormwaler. 

3. The placement of impervious surface within a watershed can significantly affect runoff 
rates Site design that seeks to maximize disconnected imperviousness will result in less 
stormwater runoff and better water quality. 

4. A watershed with steep slopes tight soils, high imperviousness, and moist, simple sur- 
faces will produce far more runoff than the same size watershed with flat slopes, 
coarse soils, no imperviousness, and dry, complex plant communities. 



falling on flatter slopes is shed more slowly, 
allowing more rainfall to infiltrate than on 
steep slopes. 



3.0 STORMWATER DESIGN ISSUES 



Many traditional drainage techniques were 
developed to address a narrower set of 
issues than required by today's standards 
This section focuses on principal design 
issues for modern stormwater management. 

3.1 Flood Protection 

Flood protection is typically defined by two 
general categories in terms of level of risk: 
Major flooding and minor flooding. Major 
flooding puts lives and significant structures 
at risk. Minor flooding puts convenience 
and minor structures at risk. (Figure 330-3). 

Minor System: 

The minor system minimizes the inconve- 
niences associated with frequently occurring 
storms. Typical examples of these systems 
are storm sewers and roadside or backyard 
swales. These systems are usually designed 
to accommodate the 2, 5, or 10 year storm. 
Minor flooding occurs when these systems 
overflow into adjacent areas, resulting in a 
temporary loss of their use for a short peri- 
od of time, but no significant damage. 

Major System: 

The major system is used whenever the 
minor system capacity is exceeded. This is 
caused by the occurrence of an infrequent 
event such as the 25, 50. 100 year storm, or 
maximum probable rainfall event. Major 
systems may or may not be designed. In 
either case, when runoff flow exceeds the 
minor system capacity, it takes an alternative 
route through the landscape. Watersheds 
that have major structures and populations 
located in the flow path of the major system 
are subject to major flood damage. 

In the United States, creeks and rivers 
that are part of the major system are 
included in flood insurance studies required 
by the Office of Insurance and Hazard 
Mitigation of the Federal Emergency 
Management Agency (FEMA). Flood insur- 
ance studies typically estimate the magni- 
tude of floods associated with recurrence 
intervals from 10 to 500 years. Flood insur- 
ance studies also produce maps designating 
official flood hazard areas expected to be 
inundated by the 100 year and 500 year 
floods (or maximum probable rainfall 
event). Flood hazard maps are typically 
available for review at county and munici- 
pal offices. 



0) 

E 

<v 

c 

v. 

<D 
-t-> 

E 

o 

o 

m 



Time-Saver Standards for Landscape Architecture 



330-4 




E 

o> 

CUD 

aJ 

c 



■3 

5 



5 
O 

m 




TYPICAL URBAN LOCATION 



Cl/TOIl AND STORM 
SEWER ACT AS MINOH 9TSTEM 



Figure 330-3. Major and minor flooding systems in suburban and urban locations. 



3.2 Water Quality Protection 

In 1989 the United States Environmental 
Protection Agency found that non-point 
source pollution contributed over 65 per- 
cent of the total pollution load to inland 
surface waters. Since then, significant regu- 
latory efforts have been made to reduce 
non-point source contamination of surface 
waters based on sections 401 and 402 of the 
Clean Water Act. Water quality protection 
systems are typically designed to treat runoff 
from a 30 mm (1 .25 inch) rainfall, and a two 
year rainfall, to protect from erosion. 

Sediment: 

The erosion and sedimentation process 
delivers the largest load of pollutants into 
water bodies that receive runoff. Erosion is 
the removal and suspension of soil into 
runoff from its normal position by fast 
water velocities. Sedimentation is where 
soil particles drop out of the runoff flow 
with a reduction in the velocity of flow. 

Oxygen Demand: 

The sustenance of plants, animals and 
microorganisms in water bodies is depen- 
dent upon the availability of dissolved oxy- 
gen (DO). Oxygen demand can be esti- 
mated by direct measure of DO, or by indi- 
rectly measuring biological oxygen demand 
(BOD), chemical oxygen demand (COD). 



oils and greases, and total organic carbon 
(TOO. The most common cause of deple- 
tion of dissolved oxygen is excessive nutri- 
ent loads delivered to the water body 

Nutrients: 

Nutrient loading is a major contributor to 
surface water quality degradation. A major 
source of these pollutants is careless use of 
fertilizers. Carbon (C), Nitrogen (N), and 
Phosphorus (P) are the principal nutrients 
associated with degradation of water qual- 
ity. Common measurements are total nitro- 
gen, organic nitrogen, total Kjeldahl nitro- 
gen (TKN), nitrates, ammonia, total phos- 
phate (TP) and total organic carbon (TOO. 

Heavy Metals: 

Many metals can reach toxic levels of con- 
centration in stormwater. The most com- 
mon metals in urban stormwater are copper 
(Cu), lead (Pb) and zinc (Zn). Others found 
include arsenic (As), cadmium (Cd), chromi- 
um (Cr), iron (Fe), mercury (Hg), nickel (Ni). 
and selenium (Se) Sediment levels of 
streams, lakes and ponds provide an indica- 
tion of pollution from heavy metals. 

Chemical Contaminants: 

Chlorine (CI) is toxic to plants and animals 
in sufficient concentrations. Sources of 
chlorine contamination include treated 



Figure 330-4. Shallow and deep infil- 
tration/aquifer recharge. 

potable water from municipal water sup- 
plies, and heavily chlorinated swimming 
pool water dumped into storm drains dur- 
ing seasonal flushing. 

Chloride is a significant runoff contaminant 
in areas where sodium chlonde (salt) is used 
as a winter deicing chemical on pavements. 

Other chemical contaminants, such as 
industrial chemicals and pesticides, are 
commonly found in urban waters and sed- 
iment. These include oil and grease, poly- 
chlorinated biphenyls (PC8s), and poly- 
cyclic aromatic hydrocarbons (PAHs). 
Pesticides found in urban runoff and sedi- 
ments include aldrin, alpha chlordane, 
gamma chlordane, DDD, DDE, DDT, dield- 
rin, heptachlor, lindane, methoxychlor, and 
Irans-nonachlor. 

Pathogens: 

Urban runoff pollutants include disease 
causing bacteria and viruses. A common 
measure of pathogens in surface water is 
fecal coliform bacteria. Limits for various 
levels of contact are often based on the 
number of bacteria colonies per 100 milli- 
liters of water sampled A common limit for 
body contact (swimming) is 400 c/100m! 
Parasite contamination is becoming 
increasingly important in stormwater quali- 
ty. Such parasites include: Cryptosporidium 
parvum. Entamoeba hystolytica and 
Giardia iambha. 

Thermal Pollution: 

In the summer, sustained water tempera- 
tures above 20° C (70° F) can be stressful if 
not lethal to cold water organisms such as 
trout and salmon, Such temperature 
changes are commonly associated with the 
influx of impervious surfaces into a water- 
shed. In the summer, unshaded impervious 
surfaces can have local air and ground tem- 
peratures 5° to 7° C (10° to 12° F) higher 
than vegetated fields and forests. Runoff 
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passing over these surfaces is heated and 
delivered to surface water bodies. 

3.3 Groundwater Recharge 

The replenishment of groundwater by rain- 
fall infiltration is known as recharge. If 
groundwater is not recharged, the water 
table drops. Porous soils, and areas where 
the ends of tilted porous bedrock layers are 
exposed to infiltrating stormwater, are 
zones where groundwater recharge occurs 
(Figure 330-4). The layers of water bearing 
soil and rock are aquifers. Impervious sur- 
faces eliminate aquifer recharge capacity 
when placed in recharge areas. 

3.4 Soil Stability 

Clays, silts and organic soils become unsta- 
ble when wet. Poorly managed surface and 
subsurface drainage can wet these soils 
causing them to swell with moisture or 
heave with frost action. Refer to Section 
255: Expansive Soils for more information. 

3.5 Wildlife Habitat 

Plants and animals depend on particular 
water regimes and levels of water quality. 
Urbanization can change the availability 
and quality of water needed to sustain 
habitat It tends to drastically reduce or 
eliminate base flow. In such cases the orig- 
inal plant species are replaced by others 
more adapted to the new regime. The ani- 
mal species that depended on the original 
plants also change. 



3.6 Water Supply 

Runoff is harvested for drinking water in 
many communities. Water drawn (and 
treated) from rivers, lakes and major 
streams for municipal water supply systems 
comes from stormwater runoff. Untreated 
or partially treated stormwater is frequent- 
ly used on site for irrigation and fire protec- 
tion purposes, particularly in rural areas. 

3.7 Qualiry-of-Life 

Studies have found that constructed ponds 
and wetlands are regarded as positive 
attributes of places to live and work. Their 
presence provides open views and vistas. 
New ponds and wetlands can define neigh- 
borhood and community boundaries and 
establish impressions of positive character 
at their entry points and along roads. Other 
stormwater management elements make 
important contributions to the total charac- 
ter of a neighborhood. For example, the 
presence or absence of curb and gutter 
drainage sends a subtle but unmistakable 
visual message about whether a place is 
urban or rural. These quality-of-life ele- 
ments are linked to stormwater manage- 
ment decisions. Furthermore, when inte- 
grated as parts of overall project design, 
stormwater elements may contribute to 
higher real estate market values. 



4.0 DESIGN PROCEDURES 



To design an adequate stormwater system, 
and assess its effect on the surrounding 



Modern stormwater management must address a wide variety of issues not required 
of traditional techniques. 

1. Protection from flooding is typically controlled by minor or convenience systems, to 
handle frequently occurring storms, and major systems that accommodate larger, 
infrequent events (i.e. 100 year rainfalls). 

2. Water quality protection from non-point source pollution begins by controlling sedi- 
ment, the largest contributor of pollutants into water bodies. Contaminants include 
nutrient loading, heavy metals, chemicals and pathogens. 

3. Areas of groundwater recharge should be preserved where possible. Urbanization in 
recharge areas may restrict infiltration capacity due to impervious surface. 

4. Expansive soils may swell or become unstable when wet. Surface and subsurface 
drainage may be cntical. particularly if structures are placed in these areas 

5. Plant and animal life that depend on particular water regimes can be adversely affect- 
ed by urbanization, as the amount and quality of water changes. 

6. Quality-of-life values such as open views, community identity, and recreational oppor- 
tunities are linked to stormwater management decisions. These amenities often trans- 
late to higher real estate market values. 



landscape, it is typically necessary to consid- 
er larger drainage systems that extend well 
beyond the site boundaries. Sites are usually 
part of larger watersheds, which may be reg- 
ulated by soil and water conservation dis- 
tricts or watershed districts. In the United 
States, there are also state and federal 
departments with regulatory interests in 
stormwater management and surface water. 

4.1 Data Gathering & Mapping 
Rainfall Data: 

In the United States, many municipal and 
county engineering departments develop 
and maintain standardized rainfall data tor 
the design of stormwater management 
facilities. State departments of transporta- 
tion are also good sources of current rain- 
fall data. Another good source is the U.S. 
Natural Resources Conservation Service 
(NRCS) through their state engineering 
offices. In many cases, stormwater systems 
will be required to meet these rainfall 
amounts. For schematic design, or where 
local rainfall data is not available, the rain- 
fall maps and design storm information 
provided in subsection 5,0 Runoff 
Calculations, may be used. 

Storm Works and Flow Data: 

Local county and municipal engineering 
departments should also have flow data on 
the streams, channels and storm sewer lines 
that will be receiving stormwater from the 
site. This information should be gathered 
prior to design, 

Other important stormwater works data 
includes but is not limited to: As-built storm 
sewer plans and profiles, locations and ele- 
vations of inlets (on and off site), pipe data 
(including size, shape, material and length), 
normal and designed water surface eleva- 
tions of nearby wetlands, lakes and ponds 
(natural or constructed) that are part of the 
regional stormwater management infra- 
structure, and type, inverts and sizes of any 
water control structures associated with 
that infrastructure. 

Topography. 

Good topographic data is essential to 
determine watershed and catchment 
boundaries. In many cases, the logical mea- 
suring point for site discharges lies outside 
the site boundaries. In other cases, areas 
upstream drain through the site and must 
be accommodated by design proposals. As 
a result, the quantification of runoff may 
require off -site topography information. 
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: Schematic Design 



Figure 330-5. Watershed outlet 
-where outlet appears to be an edge. 



Most governmental controls require designs to hold runoff discharges at or below 
pre-development conditions. This can be achieved in schematic design through a 
number of strategies: 

1 . Use stormwater design to slow runoff velocities to pre-development conditions. 
Holding runoff volumes on site will leduce velocity while preventing sedimentation 
and erosion 

2. Use infiltration strategies to mitigate the loss of pervious surface that is characteristic 
of development. 

3. Use site design to minimize impervious surfaces, and remove them from drainage 
pathways to the greatest extent possible (Figure 330-9). This often means revisiting 
fundamental assumptions about design. 

4. Fit development to the terrain, and place it in the least critical areas of the site, away 
from drainageways. steep slopes, complex plant communities, and porous soils. 

5. Use the natural drainage system whenever possible. When feasible, urban streams 
should be buffered with a minimum of 8 meters (25 ft) of undisturbed forest, and an 
additional 15-30 meters (50-100 ft) of managed vegetated area. 



PKAINAGE AREA 
BOUNDARY 



OUTSIDE DRAINAGE AREA. 
RUNOFF WAINS AWAY 
FROM OUTLET 




INSIDE DRAINAGE AREA. 
RUNOFF DRAINS TO OUTLET 



USE OUTLET AS STARTING POINT 



WORR UP-HILL AT RIGHT ANGLES TO THE CONTOUR 



HIGH POINTS MAY BE CONNECTED BY SADDLES 



Figure 330-6. Watershed boundary delineation. 




Figure 330-7. Delineating areas of 
cover and soil type. 
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Land Cover: 

Land cover for existing or pre-development 
stormwater runoff estimation is best 
assessed in the field. A trial delineation can 
be completed from aerial photographs for 
field verification. Land cover data for pro- 
posed stormwater runoff estimation is 
assessed from site planning or schematic 
design documents. 

Soils: 

Soils data are essential for all runoff esti- 
mation techniques. In the United States, 
the Department of Agriculture soils surveys 
are a standard source of soils data for this 
purpose. Estimates of soil texture and infil- 
tration performance can also be made 



based on vegetation types present on the 
site and by direct observation of the soils. 

Bedrock and Water Table Depths: 

Depth to bedrock and water table also 
influence site runoff potential. Shallow 
impervious bedrock and high water table 
conditions can cause even sandy soils to 
have limited absorption of rainfall. High 
bedrock and high water table conditions 
also limit the range of runoff management 
techniques available for use. Stormwater 
infiltration and storm sewer techniques are 
particularly limited by high bedrock and 
high water table conditions. Excavated 
ponds for stormwater detention are unfea- 
sible in high bedrock areas. Constructed 
wetlands, wet ponds and wet swales are 
more feasible with high water table. 
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Ml NOt STORMS 



Figure 330-8. Location of imperviousness relative to drainageways in conventional development. 



I — KDAPSON K1DGE LINES 




Figure 330-9. Impervousness placed high in the landscape. Note the lack of storm sewers. 



4.2 Base Line Runoff Analysis 

A base line runoff analysis should be devel- 
oped against which design proposals can 
be compared for performance. Most local 
controls require designs to hold runoff dis- 
charges at or below existing conditions. 
The base line analysis demonstrates perfor- 
mance of existing conditions. Analysis is 
typically made in terms of peak discharge 
from a specified design storm. 

The analysis should focus on the points 
where runoff leaves the site, delineating the 
watersheds that contribute water to these 
points. Runoff calculations are performed 
for existing (pre-development) conditions, 
establishing the peak discharge and volume 
at each dispersal point. Post-development 
runoff analysis must be made at these same 
points using the proposed site plan, even 
though the watershed boundaries may have 
different configurations and areas due to 
development changes. 



In some situations, the 'point' of analysis 
may seem to be an edge. One example of 
this is where a site abuts a lake. The time of 
concentration path may follow a swale to a 
point on the lake edge. However, the actu- 
al runoff quantity is contributed all along an 
edge of the pond because runoff is gener- 
ated by a subcatchment defined by the 
topography (Figure 330-5). This can also 
occur at site boundaries. 

Watershed Boundary Delineation: 

Once the points of analysis are selected the 
watershed boundaries must be plotted. The 
outlet is the most convenient starting point 
(Figure 330-6). Work uphill from the outlet, 
in both directions, at right angles to the con- 
tour. When the two lines join, the watershed 
boundary has been completely defined. 

Soil-Cover Classification: 

Once the watersheds are defined, areas 
with combinations of similar cover and soil 



type must be delineated so that they may 
be assigned a runoff factor. For example, if 
a block of woodland exists over two differ- 
ent soil areas, the woodland must be subdi- 
vided along the boundary separating the 
two soil types (Figure 330-7). 

4.3 Schematic Design Strategies 

Good site planning can avoid increases in 
runoff and reduce potential impacts on sur- 
face water quality Design performance cri- 
teria should include: Peak discharges, 
runoff volumes, watershed infiltration 
capacity, ground water recharge, and water 
quality. They can be addressed by focusing 
on the following strategies. 

Reproducing Pre-Devetopment 
Hydrological Conditions: 

The strategy of reproducing pre-develop- 
ment conditions can be pursued by setting 
pre-development velocities as the speed 
targets for post-development conditions. 
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Figure 330-10. Cluster development used to preserve natural drainageways. 



Velocity is the product of surface friction, 
surface shape, and slope. These character- 
istics are determined by the types of sur- 
faces included in design proposals and their 
relationship to each other. 

Greater volume must be held on site in 
order to reduce the speed of water moving 
through the outlets. Detaining water vol- 
ume also provides the fundamentals for 
water quality treatment. More than half the 
contaminants in surface water are from 
sediments, and high velocity is the cause of 
erosion that produces sediment, The 
designer that works to slow water is work- 
ing for prevention of water quality impacts 
from erosion. 

Water volumes that are detained can be 
reduced by infiltrating it into the ground. 
Pre-development conditions almost always 
have larger amounts of infiltrating surface 
than post-development conditions. The use 
of infiltration techniques replicates natural 
infiltration, maintains groundwater re- 
charge, and reduces surface flow. 




STREAM 



^ CHARACTERISTICS 
FUNCTION 

w 



STREAMSIDE ZONE 



MIDDLE ZONE 



OUTER ZONE 



Protect the physical Integrity 
of the stream ecosystem 



Provide distance between upland 
development and streamside zone 



prevent encroachment and filter 
backyard runoff 



C$ WIDTH 
2 



Min. 6 m (25'), plus wetland 
and critical habitats 



■ 

CD 
■?5 



15 to 30 m (5C-100') depending 
on stream order, slope, and 
100 year floodplaln 



8m (25') minimum setback 
to structures 



^ VEGETATIVE TARGET 



Undisturbed mature 
forest. Reforest if grass 



Managed forest, some 
clearing allowable 



Forest encouraged, but usually 
turfgrass 



ALLOWABLE USES 



-2 

O 

m 
no 



VERY RESTRICTED 

(e.g., flood control, utility 

right of ways, footpaths, etc.) 



RESTRICTED 

(e.g.. some recreational uaea, 
some stormwater BMPs, bike 
paths, tree removal by permit) 



UNRESTRICTED 

(e.g., residential uses Including 
lawn, garden, compost, yard 
wastes, most stormwater BMFte) 



Figure 330-11. Urban stream buffer system. 
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Impervious surfaces contribute to higher 
flow velocities. Unnecessary pavement is 
often built into standard assumptions about 
design, especially in residential develop- 
ment. Excessive front yard set backs and 
wider roads to accommodate on-street 
parking often add pavement area Re- 
visiting fundamental assumptions can often 
yield savings of pavement area and costs. 

The relationship of imperviousness to 
drainage pathways is also critical Placing 
pavements and roofs at high points in the 
landscape provides greater opportunity for 
vegetated pervious surfaces to slow and 
infiltrate runoff Figure 330-8 shows a con- 
ventional approach to street placement dri- 
ven by an assumption that curbs and storm 
sewers should be used. Figure 330-9 shows 
an alternative that places pavement and 
roofs at higher elevations while using nat- 
ural drainageways as much as possible. 
Storm sewers are unnecessary because 
runoff flow near the houses is minimal and 
easily diverted around the houses, even for 
1 00 year events. 

Place Development 
in Least Critical Areas: 

Structures and paved surfaces should not 
be placed on or near shorelines, natural 
drainageways, steep slopes, areas of dense 
vegetation, and areas where soils are 
porous or erodible. 

Fit Development to Terrain: 

Road patterns and building types should be 
selected to fit landforms. For example, 
where topography is dendritically dissect- 
ed, use a road pattern such as a branched 



cul-de-sac to fit the branched drainage 
Keep impervious surfaces small and place at 
higher elevations to maximize sheet 
drainage from their edges. 

Utilize the Natural Drainage System: 

The natural drainage paths should be iden- 
tified as part of the site analysis, along with 
sufficient buffers to insure long term 
integrity. Figure 330-10 shows the use of 
cluster or open space development to pre- 
serve streams and drainageways. The 
Center for Watershed Protection recom- 
mends a minimum of 8 m (25 ft) of undis- 
turbed mature forest on each side of urban 
streams, with an additional 15 to 30 m (50 
to 100 ft) of managed vegetated area 
(Figure 330-11). 

4.4 Types of Runoff Analyses 

The major and minor flood protection sys- 
tems, and the water quality system should 
be analyzed for each schematic design. 
Major flood protection is usually designed 
for the 100 year, 24 hour design storm in 
the U.S. using the SCS runoff methods or 
other comparable methods. The method of 
analysis for a minor or convenience system 
depends on the type of system planned. If 
a system of storm sewers is used for the 
minor system, it is typically designed for a 
frequent, short duration storm: typically a 
2, 5 or 10 year, one hour storm using the 
Rational Method. If the minor system Is an 
overland system of swales, the SCS runoff 
methods and a 10 year, 24 hour rainfall 
event is more common. 

Water quality treatment works should be 
designed using the small storm hydrology 



There are three primary types of 
appropriate analysis method 
local practice: 



management systems. Selection of the 
on the type of system, the available data, and 



1 . Minor System: Provides protection against inconveniences caused by frequent storms. 
Examples include storm sewers and roadside swales. Designed for 2, 5, or 10 year 
storms. Also known as the convenience system. May be designed using the Rational 
Method (more common for storm sewers) or SCS runoff methods (more common tor 
overland systems). 

2. Major System: The path of runoff taken by infrequent storms when minor system is over- 
whelmed - may be designed or natural. Designed examples include emergency spillways 
for storm ponds and designated floodways that protect against loss of life and property. 
Designed for 100 year rainfall or greater, typically using the SCS runoff methods in the U.S. 

3. Water Quality Protection System Traps sediment, filters and infiltrates runoff to 
remove contaminants. TypicaJly designed to treat the volume of runoff from a 30 mm 
(1.25 in) rainfall, and protect against erosion from 2 year rainfalls. These systems 
should be designed using small storm hydrology methods 



methods. In the United States, some juris- 
dictions are now also requiring overland 
conveyance works (swales and channels) to 
be designed for stability at flows produced 
by the 2 year, 24 hour design storm to pro- 
tect against erosion. A water balance analy- 
sis should be conducted for designs that 
rely on maintaining permanent ponds, to 
ensure that they won't dry up 



5.0 RUNOFF CALCULATIONS 



5.1 Runoff Terms 

Velocity (V): Velocity is distance traveled 
over a given time. It is the critical factor for 
estimating and understanding runoff 
movement. Runoff velocities are typically 
expressed in meters per second (m/s) or 
feet per second (ft/sec). 

Discharge (Q): Discharge is rate of 
runoff flow, or volume traveling at a partic- 
ular velocity. Discharge is expressed in cubic 
meters per second (m 3 /s) or cubic feet per 
second (ftVsec) Runoff discharge (Q) for 
cross-sectional shapes, such as channel and 
pipe sections, is equal to velocity (V) times 
area of flow (a) [Q = Va]. 

Volume of Flow (Qvol): As discharge 
continues through a cross-section for a 
period of time, the discharge can be multi- 
plied by the length of time to arrive at a 
total volume of flow (Qvol). Total volume 
of flow Is typically expressed in cubic 
meters (cubic feet), or hectare -meters 
(acre-feet). Change in volume (AQvol) with 
respect to the filling or emptying of a con- 
tainer of water, such as a pond or a length 
of stream or channel, is simply the differ- 
ence between rate of inflow (QvoU and 
rate of outflow (QvoUt) over a period of 
time [AQvol = Qvoli„ - Qvol ou J. 

Hydrograph: A hydrograph Is a summary 
of stormwater flows. It is a record of flow 
rates at a specific location over a given peri- 
od of time. A hydrograph can be expressed 
in tabular form showing discharges at spe- 
cific times in the period (Table 330-1), or as 
a graph plot of discharge versus time 
(Figure 330-12). In the case of a graph, the 
area under the curve plot is the total vol- 
ume of flow for the plot period. 

Peak rate of flow: The peak of the 
hydrograph is the maximum rate of flow. 
Predicting and accommodating the maxi- 
mum or peak rate of flow is important. This 
peak rate of flow occurs when the flow 
through the point of analysis consists of a 
drop of water from every point in the 
watershed area 
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Table 330-1. EXAMPLE OF A TABULAR HYDROGRAPH 



Hydrograph Time (hrs) 


12.0 


1 2 1 


12.2 


12.3 


12.4 


12 5 


12.6 


12.7 


12.8 


12 9 


13.0 


Discharge (cfs) 


3 


0.8 


14 




3.5 


2.8 


25 


2 2 


2.0 


1.7 


1.4 



-PEAK DISCHARGE 



Table 330-2. TYPICAL DESIGN STORM STANDARDS 
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Figure 330-12. Example hydrograph 
plot. 



LAG TIME 

AFTER URBANIZATION 
LAG TIME 

BEFORE UtBANlZATION 




TIME IN HOURS 



Figure 330-13. Effects of urbaniza- 
tion on pre-and post-development 
hydrograph plots. 

Time of Concentration (t t ): The time 
water takes to flow from the most distant 
point in a watershed to its outlet. 



Travel time (tt): The average time for 
water to flow through a reach or other 
stream or valley segment that is less than 
the total length. Travel times can be com- 
puted for segments of a time of concentra- 
tion path and summed to arrive at a time of 
concentration (t,+t,+t t ...+ti = tj. 

Storm Flows: Storm flows are large, 
infrequent flows of runoff characterized by 
high peak discharges. They can cause 
flooding or erosion if they are not properly 
accommodated by design. Storm flows are 
usually displayed in a hydrograph with a 



Element/ System 


Design Storm 


Minor system 


storm sewers 


2, 4, 5, 10 year (Rational) 


swales, stability design for erosion protection 


2 year, 24 hour 


swales, design for capacity 


10 year, 24 hour 


Roads 


high volume, crests & tangents 


10 year 


high volume, sag points 


50 year 


collector, crests, tangents, sag points 


10 year 


local. 250 ADT and under, crests & tangents 


5 year 


local, over 250 ADT. crests & tangents 


10 year 


local, sag point 


10 year 


Detention structures 


principal spillway, equal pre-dev discharge all storms 


2.5,10,50, 100 year 


emergency spillway 


100 year 


storage volume, temporary 


10 year 


(construction sedimentation pond) 




storage volume, permanent 


100 year 


Protection of occupied and high value structures 


100 year 



Design storms are usually specified in terms of duration and frequency, tor example: 
3 100 year, 24 hour rainfall event. This means that in a given year, Oie probability of a 
'amfall of this magnitude or greater actually being observed is one percent every time it rains. 



STORM PULSES 




BASE FLOW 



TIME (WEEKS OR MONTHS) 




Figure 330-14. Baseline hydrograph with storm pulses. 



time line in hours or minutes. Urbanization 
tends to drastically change the hydro- 
graphs. Peak discharges and volumes of 
runoff increase, and time of concentration 
becomes shorter (Figure 330-13) 

Base Flows: Base flows are the steady 
flows that continue to occur after the pulse 
of flow from a storm has subsided. Base 
flow is the base line upon which the hydro- 
graphs of storm flows are plotted. In natur- 
al watersheds, stream base flows are high, 



maintained by slow surface runoff and sub- 
stantial subsurface or groundwater flows 
that emerge in the stream bed. Base flows 
provide a continuing supply of water with 
the runoff from rainstorms producing a 
pattern of peaks as perturbations in the 
base flow (Figure 330-14). 

5.2 Converting Rainfall to Runoff 

Several methods have been developed using 
mathematical models to systematically 
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account for rainfall losses in the conversion 
of rainfall to runoff volumes. The rainfall 
losses are termed abstractions. Initial 
abstractions consist of losses from condi- 
tions that consume rainfall and must be 
satisfied before rainfall can become runoff. 
Continuing abstractions are losses of rain- 
fall that keep occurring after runoff has 
begun. Components of initial abstraction 
include: Wetting of dry surfaces, evapora- 
tion, transpiration, filling of minor depres- 
sions, and infiltration into the soil. 
Continuing abstractions include: Evaporation, 
transpiration and continuing infiltration. 
Infiltration is typically the largest compo- 
nent of rainfall volume loss. 

Runoff models generally produce runoff 
volumes and peak discharges from rainfall 
data. Peak discharges are calculated by 
estimating the time to peak discharge (time 
of concentration). 

Many methods and computer programs 
are available to convert rainfall to runoff, 
and to estimate peak discharges. This sec- 
tion is limited to presenting methods that 
are most commonly accepted in the U.S. 

5.3 Design Storms 

Design storms, or rainfall events, are sta- 
tistical abstractions drawn from rainfall 
records. They represent probability esti- 
mates of expected rainfall amounts in terms 
of intensity, duration and frequency. Table 
330-2 lists typical design storms used for 
different elements. 



Rainfall events are constructed for specif- 
ic durations and frequency and produce sta- 
tistical rainfall depths. Duration is the length 
of time over which historical rainfall depths 
are distributed for purposes of analysis, typ- 
ically expressed in hours. Frequency is the 
probability of recurrence of an event that 
produces a rainfall depth, typically 
expressed in years. Frequency is sometimes 
called the return period. These statistical 
rainfall depths are used for design. 

Intensity is the rate at which the rain falls, 
expressed in millimeters per hour (inches 
per hour). In design storms, the intensity is 
the average intensity for the duration. 
Design depths are converted to average 
intensities by dividing by the duration. 

U.S. Weather Bureau Maps: 

In 1961 Hershfield produced isohyetal 
maps of design rainfall depths for the entire 
United States. They were published in the 
U.S. Wealher Bureau Technical Paper No. 
40, commonly referred to as TP-40. It 
included durations from 30 minutes to 24 
hours and return periods for one year to 
100 years. These maps have become a 
standard source of design rainfall events. 
The maps for the 2, 5, 10 and 100 year, 
24 hour rainfall events are reproduced here 
as Figures 330-15 through 330-18. 
Twenty-four hour events provide the rain- 
fall data needed to use the SCS methods. 

Steel Formula: 

The Steel formula integrates statistical data 
on rainfall intensity, duration and frequen- 



cy to provide a means of directly comput- 
ing rainfall intensity given the storm dura- 
tion return period, and region of the United 
States. It may be used to find rainfall inten- 
sity for use with the Rational Method : 

i- 

tc + b 

Where: 

1 = Intensity of rainfall in 
millimeters per hour 
(in/hour) 

tc =Time of concentration in 
minutes 

K and b = Coefficients for 
region of the U.S. 
and storm frequency 

Values for K and b are provided in Table 
330-3 for the regions of the U.S. shown in 
Figure 330-19 

5.4 Time of Concentration 
Techniques 

Time of concentration may be estimated by 
dividing the flow path into segments of sim- 
ilar land cover and slopes, deriving travel 
time for each segment and then calculating 
the sum of the travel times. Different types 
of flow require different techniques for esti- 
mating travel time velocities. These include: 

1 . Sheet flow (Manning Kinematic 
Solution). 

2. Shallow Concentrated Flow (SCS 
Shallow Concentrated Flow Graph). 

3. General Overland Flow- combines 
sheet flow and shallow concentrated 



Table 330-3. COEFFICIENTS FOR STEEL FORMULA 







Regions of the United States 


Frequency in 
ye, ir-, 


Steel 

Coefficients 


1 


2 


3 


4 


5 


6 


/ 


2 


K 


206 


140 


106 


70 


70 


68 


32 




b 


30 


." 


17 


I < 


16 


I A 


11 


1 


K 


247 


190 


' i ! 


97 


81 


75 


48 




!■ 


29 


25 


1 9 


1 6 


13 


12 


12 


5 


K 


247 


190 


131 


97 


81 


75 


48 






29 


25 


19 


1G 


13 


12 


12 


10 


K 


300 


2 iO 


170 


1 i 1 


1 1 1 


122 


60 




b 




29 


23 


16 


17 


23 


13 


25 


K 


327 


260 


230 


170 


130 


1 55 


67 




i 


33 


32 


30 


27 


17 


2h 


10 


50 


K 


315 


350 


250 


1 87 


!S7 


160 


65 




b 


28 


38 


27 


24 


25 


21 


8 


100 


K 










i i o 


? 7 




b 


33 


36 


31 


28 


29 




10 
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M Figure 330-17. Ten Year, 24 Hour Rainfall Map of the United States (After Hershfield, TP-40) 
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Figure 330-19. Regions of the United States for use in the steel formula. 



flow (Kirpich Formula). 
4. Channel Flow (Manning's Equation — 
refer to subsection 6.1). 

Sheet Flow: 

Sheet flow is flow over a plane surface. In 
urban areas sheet flow is limited to about 25 
meters (75 ft) over a paved surface and 45 
meters (150 ft) over a lawn surface. In no 
case does sheet flow continue for more than 
90 meters (300 ft). Beyond these distances, 
flow is considered shallow concentrated. 

The Manning Kinematic Solution may be 
used to calculate velocity of sheet flow in 
U.S. units. This method must be used to 
calculate the sheet flow segments of U for 
the SCS Graphical Peak Discharge Method. 

Manning Kinematic Solution: 
0.007 (nL) 0G 



T,= 



0> 

E 

CD 

c 



E 
i— 

o 



Where: 



Tt = travel time in hours 

n = Manning's roughness coeffi- 
cient (Table 330-15) 

I = flow length in feet 

S = slope of the the hydraulic 
grade line (flow path) in feet 
per foot 

?:• = 2 year, 24 hour rainfall in 
inches. 



+1 Shallow Concentrated Flow: 



Shallow concentrated flow continues until it 
finds a defined channel in the topography 
The velocity of flow for natural or construct- 
ed channels must be calculated using 



Manning's Equation (refer to subsection 
6.1). 

The SCS Shallow Concentrated Flow 
graph (Figure 330-20) may be used to 
determine the velocity of shallow concen- 
trated flow in U.S. units. This method must 
be used to calculate the shallow concen- 
trated flow segments of tc when using the 
SCS Graphical Peak Discharge Method. 
Once a velocity is determined for shallow 
concentrated flow, travel time may be com- 
puted by the following formula: 

T: = 



3600V 



Where: 

T. = travel time in hours 

L = flow length in feet 

V b velocity in feet per second 

General Overland Flow: 

The Kirpich formula may be used with the 
Rational Method to estimate the overland 
flow portion of time of concentration, com- 
bining sheet and shallow concentrated 
flow. It may be applied to separate seg- 
ments of flow to account for the different 
travel times generated by lengths of differ- 
ent overland flow surfaces. 



Kirpich Formula: 



t, = KL 077 ^" 



Where: 



t = time of concentration in 
minutes 

K = Constant (0.0195 for S.I. 
units; 0.0078 for U.S. units) 




Figure 330-20. SCS graph of average 
velocities for estimating travel time for 
shallow concentrated flow (U.S. units). 

L = the length of travel in m (ft) 

S = the average slope of the 
time of concentration flow 
path in meters/meter (ft/ft) 

Slope is calculated by dividing vertical 
difference in the end point elevations of the 
flow path in meters (ft) by the horizontal 
length of the flow path in meters (ft). This 
method is directly applicable for natural 
watersheds, bare earth overland flow or 
mowed grass overland flow. Adjustments 
should be made for other conditions: 

—For general overland flow and grassed 
channels multiply t< by 2. 

—For concrete or asphalt surfaces multi- 
ply t<. by 0.4. 

— For concrete channels multiply tc by 

0.2. 

5.5 Soil Conservation Service 
Runoff Curve Number Method 
(U.S. Units) 

The Soil Conservation Service (SCS) runoff 
curve number method is most accurate for 
rainfall amounts in the range of 1 to 12 
inches. For rainfalls under one inch, the 
small storm methods are recommended. 
Other limitations include: 

1. It should not be used for watersheds 
large than 20 square miles. 

2. It should only be used if the curve 
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Table 330-4. SCS CURVE NUMBERS (CN) FOR SELECTED AGRICULTURAL, SUBURBAN AND URBAN LAND USES 
(AMCH, I. = 0-3S) 



Land Use Description 






Hydrologic Soil 


Croup 








A 


B 


C 


D 


Bare soil, newly graded areas 




77 


Hi, 


L '- 


,u 


Cultivated land: without conservation treatment 




72 


81 


88 


91 


with conservation treatment 




62 


71 


78 


81 


Pasture or range land grazed poor, < 50% ground cover 




68 


79 


86 


89 


fair, 50 to 75% ground cover 




49 


69 


79 


84 


bam > 7'i % Pf ni i nn fCi\/(*r 




39 


61 


'! 


80 


MimiJ.'.v kjood ruf'ljltion :l; .tod r r l' : f 1 1 ,;i/L:r-.. n 




SO 




71 


?K 


Wood or forest land: thin stand, poor cover, no mulch 




45 


66 


77 


83 


good stand, grazed, some mulch 




36 


60 


73 


79 


good stand, underbrush, mulch 




30 


55 


70 


77 


Open spaces, lawns, parks, golt courses, cemeteries, etc. 






equivalent to pasture (above) 




Commercial and business areas (72% impervious) 






<■•> 




OR 


Industrial areas (72% impervious) 




81 


88 


91 


91 


Residential areas' average lot size average % impervious' 










500 m-'d/S acre) or less 


65 


77 


85 


90 


92 


1000 m- ! (1/4 acre) 


38 


61 


75 


83 


87 


1400 rrr (1/3 acre) 


30 


57 


72 


81 


86 


2000 m'(1/2 acre) 


25 


54 


70 


80 


85 


4000 m ; (1 acre) 


20 


51 


68 


79 


84 


Farmsteads - buildings, lanes, driveways, surrounding lots 




V, 


74 


82 


hi. 


Paved parking areas, roofs, driveways, etc "" 




98 


98 


98 


98 


Streets and roads (including right-of-way area): 












paved: with curbs and storm sewers'" 


98 


98 


98 


98 


paved; with open roadside ditches 




83 


89 


92 


93 


gravel 




76 


85 


89 


■)] 


Uirl 




72 


82 


87 


89 



'Curve numbers are computed iissummg roofs and pavements dram directly into streets, parking areas where runotl is carried away by storm sewers. Pervious areas calculated as 
lawns in Rood condition 



"Curve numbers ttt computed assuming connected impervious surfaces. i.e the runoff from the house and driveway is directed towards the street with a minimum of roof water 
directed toward lawns where jdditiui^aJ infiltration could occur Pewiuus areas calculated as lawns in good condition. 

** A curve number uf 95 & sometime* used in warmer areas of the United States 



Table 330-5. SCS CURVE NUMBERS (CN) FOR SELECTED AIRD AND SEMI-ARID LANDS (AMCII, I. = 0.2S) 



Cover Type 





Condition ' 


A" 


B 


C 


D 


Herbaceous - mix of grasses, weeds, small amount low brush 


Poor 




80 


87 


93 




Fair 




71 


81 


89 




■ :d 




>'./ 


74 


85 


Oak-aspen - mountain brush miK of oak brush, aspen. 


Poor 




66 


74 


79 


mountain mahogany, bitter brush, maple 


Fair 




48 


57 


63 


and other brush 


Good 




■■ ' ' 


■ I i 


•!K 


Pinyon-Juniper - pinyon lumper or both, grass understory 


Poor 




75 


85 


89 




Fair 




58 


73 


80 




Good 




41 


61 


71 


Sagebrush with grass understory 


Poor 




67 


80 


85 




Fair 




51 


63 


70 




l', nld 




35 


47 


55 


Desert shrub - major plants include saltbush, greasewood 


Poor 


63 


77 


85 


88 


creosotebush, blackbrush, bursage, palo verde, 


Fair 


55 


72 


81 


86 


mesquite and cactus 


Good 


49 


68 


79 


84 


*Poor is less than 30% ground covet utter. Brass and brush ovetstory). Fair is 30 lo 70% groum 


i rover Good is more than 70% groi 


jnd cover. 









Curve numbers for group A haveoniy bem developed for desert shrub 



c 

<u 

E 

m 
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Table 330-6. EXAMPLE CALCULATION OF SCS RUNOFF AAETHOO USING A 
COMPOSITE WEIGHTED CN (U.S. UNITS) 

Compute the runoff from 2.8 inch rainfall (P) on a 50 acre catchment in acre-feet. The 
land uses break down as follows: 30 acres of residential area that is 30 percent 
Impervious (half in B soils, half in C soils); 6 acres of residential area that is 65 percent 
Impervious (all in C soils); 9 acres of road with curbs and storm sewers (4 in B soils, 5 
In C soils); and 5 acres of open space with good cover (all in C soils) 

1. Select curve numbers from Table 330-4 tor each soil-cover combination. 
2 Compute a weighted curve number to represent the entire catchment 



c 
E 

0) 

c 

E 
i— 

B 

O 

m 

pfy 



Land cover — tails Acres 


CN 


Acres x CN 


Residential (30% impervious) B soils 15 


72 


1080 


Residential (30% impervious) C soils 1 5 


81 


1215 


Residential (65% impervious) C soils 6 


90 


540 


Road with curbs and storm sewers, B soils 4 


98 


392 


Road with curbs and storm sewers, C soils 5 


98 


490 


Open Space, good condition, C sails 5 


74 


370 


Totals 50 




4087 


4087 






Weighted (acres) CN = -gg- = 81.7 (use 82) 







3. Use the weighted CN to calculate potential maximum retention (S): 
CN 



1000 
B2 



= 2.2 inches 



4 Use S =2.2 and P = 2.8 inches to calculate runoff depth (Q): 
tP - (0.2 x S)] 1 



Q 
Q 



P + (0 8 x S) 

[2B-(0.2x2.2)] 2 
2.B + (0.8x2.2) 
5_6 
4 6 



= 1 2 inches 



5 Solve for acre-feet of runoff from the watershed 
Q x watershed area in acres 



Acre- feet - - 



12 inches per toot 



Acre - feet = 



1 .2 X 50 
12 



= 50 Acre-feet 




number is greater than 40. 

T c values must be in the range from 

0.1 to 10 hours, 

The watershed may have only one 
main stream, or if more than one, the 
branches must have nearly equal times 
of concentration. 



SCS Runoff Volume Calculations: 

In 1972 the U.S. Soil Conservation Service 
(SCS) developed a method for computing 
runoff from rainfall for urban areas. This 
method is represented in practical form by: 



Figure 330-21. Map of approximate boundaries for SCS storm 
types for the United States. 



(P- 0.2S) 2 
P + 0.8S 



Where: 



Q = depth of direct runoff in 
inches, 

P = rainfall depth in inches from 
a 24-hour duration storm 

S = potential maximum reten- 
tion in inches, including ini- 
tial abstraction. 

P may be found from the 24 hour dura- 
tion rainfall maps of the United States 
shown as Figures 330-15 through 330-18. 
S can be calculated by selecting an appro- 
priate curve number (CN) and using the 
following formula: 

s = 1 -299_io 

CN 

SCS Curve Numbers: 

Curve numbers (CNs) have been deter- 
mined for most land cover conditions by 
the Soil Conservation Service. Because infil- 
tration is a major variable, they have been 
classified into four soil hydrologic groups by 
soil character: 

Group A: Sand, loamy sand, or sandy 
loam soil textures. Have water transmission 
rates greater than 8 mm. (0.30 in) per hour. 

Group B: Silt loam or loam soil textures. 
Chiefly moderately deep to deep, moder- 
ately well to well drained soils. Have water 
transmission rates in the range of 4 to 8 
mm (0.15 to 0.30 in) per hour. 

Group C: Sandy clay loam soil textures. 
Low infiltration rates when wet. Have 
water transmission rates in the range of 1 
to 4 mm (0.05 to 0.15 in) per hour. 

Group D: Clay loam, silty clay loam, 
sandy clay, silty clay or clay soil textures. 
Have water transmission rates in the range 
of 0.0 to 1 mm (0.0 to 0.05 in) per hour. 
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Table 330-7. U VALUES FOR RUNOFF CURVE NUMBERS (IN U.S. UNITS) 



CN 


« a [in-) 


CN 




CN 


Ulin.j 


40 


3.000 


60 


1.333 


80 


0.500 


41 


2.878 


61 


1.279 


81 


0.469 


42 


2.762 


62 


1 226 


a 2 


0.439 


43 


2.651 


63 


1.175 


83 


0.410 


44 


2 545 


64 


I I25 


84 


381 


45 


2.444 


65 


I 077 


85 


0.353 


46 


2.348 


66 


1.030 


86 


0.326 


47 


3 255 


67 


0.985 


87 


0.229 


■18 




68 


0.941 


88 


0.273 


49 


2.082 


69 


0.899 


89 


0.247 


50 


.' 000 


70 


0.857 


90 


0.222 


51 


I 


71 


0.817 


91 


0.198 


52 


1.846 


72 


0.778 


92 


0.174 


53 


1 774 


73 


0.740 


93 


1 5 I 


54 


1.704 


74 


0.703 


94 


0.128 


55 


1.636 


75 


667 


95 


105 


56 


I 5: ; ' 


76 


0632 


96 


0.083 


57 


i 509 


77 


0.597 


97 


0.062 


58 


1.448 


78 


0.564 


98 


0.041 


59 


1.390 




0.532 







Table 330-9. EXAMPLE CALCULATION OF PEAK DISCHARGE USING THE 
SCS GRAPHICAL METHOD (U.S. Units) 

Find the peak discharge from a 2 year, 24 hour tainlall neat Milwaukee, Wisconsin lor a 50 acre watershed with a curve 
number ol 75. a tune of concentration of 17 minutes, and no wetlands 



1 Using Figure 330-15 find the design rainfall amount 

P ■ 2 5 inches 

2. Find watershed area in square miles: 

50 acres _ ~± 

= 0.078 sq rra 

640 acres 

3 Find time of concentration in hours 

17/60= 0.28 hours 

4 Find potential maximum retention (S): 

a 1000 
CN 

1000 
75 

= 3.33 inches 
5. Find Depth of funoff (Q): 

(P-(0.2xS)]' 
°' P + (0.8xS) 

[2.5- (0.2 x 3 33)] j 
2 5 + 10.8x3 33) 

3 35 

Q 

5 16 

- 0.65 inches 



-10 



6 Find MP using CN and Table 330-7 

Milwaukee Is in a Type II rainfall dlstnbution region 
(Figure 330-21) 

la = 667 indies 
l»/P= 0.267 

7. Find unit peak discharge (q u ) from Figure 330-23 
q u = 700ts.m. 

8 Find pond and swamp adjustment factor <F S ) from 
Table 330-8: 

Fp =1.0 

9 Substitute the found variables and solve 

9p" lu^mOFp 

q p = 90(0 078X0.65X1.0) 

q p =4 56cfs. 



Table 330-8. ADJUSTMENT FACTOR 
(F p ) FOR PONDS AND 
SWAMP AREAS 
SPREAD THROUGHOUT 
THE WATERSHED. 



Percentage of Pond 



0.0 1.00 

0.2 , 0.97 

1.0 - - 0.87 

3.0 - .....0.75 

5.0 0.72 



The values of CN for various land uses 
arid cover types are given in Tables 330-4 
and 330-5. A composite weighted CN is 
used for a watershed made up of several 
combinations of soil types and uses. The 
values given assume that before the design 
rainfall occurs, a normal amount of rainfall 
occurred in the previous five-day period 
(for curve numbers representing conditions 
different from those in these tables, consult 
the SCS TR-55 publication). 

Table 330-6 illustrates a sample calcula- 
tion of runoff, using the Soil Conservation 
Service Runoff Curve Number Method. 

SCS Graphical Peak Discharge Calculations: 

The peak discharge from a watershed in U.S. 
units (cubic feet per second) may be calcu- 
lated for 24 hour duration rainfaJI events 
using the SCS Graphical Peak Discharge 
Method. It is limited in application to a sin- 
gle watershed, with only one main branch 
(or if more than one, the branches should 
have nearly equal times of concentration); 
and it cannot be used for routing. It is calcu- 
lated using the following formula: 



Where: 



q P = q^mQFp 

q P = peak discharge in cubic feet 
per second (ftVsec) 

q u = unit peak discharge in 
ftVsec per square mile per 
inch of runoff 

Am = drainage area in square 
miles 



F P a pond and swamp adjust- 
ment factor 

Runoff depth is derived using precipita- 
tion and curve numbers Watershed area is 
calculated by direct map delineation and 
measurement. Time of concentration is 
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s 
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Figure 330-22. Unit Peak Discharges (qu) for Type I Distribution Storms (U.S. units). 
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.1 .2 A .6 .8 1 2 4 6 8 10 

Time of concentration (T c ), hours 



Figure 330-24. Unit Peak Discharges (qu) for Type II Distribution Storms (U.S. units). 
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50 75 100 

(z) (3) m 

RAINFALL INTENSITY, MM/HR (IN/HR) 



found using SCS methods described in sub- 
section 5.4. The SCS rainfall distribution type 
is identified using Figure 330-21. The unit 
peak discharge, q u , is calculated using the 
ratio of initial abstraction to rainfall (UP). 

Table 330-7 lists la values for runoff curve 
numbers. Unit peak discharge charts for the 
various rainfall distribution types are illustrat- 
ed in Figures 330-22 through 330-25. Values 
of l«/P falling between the curves may be 
interpolated, however values of U/P should 
never be less than 0.10, or greater than 0.50. 

The pond and swamp adjustment factor 
(F P ) is found by calculating the percentage of 
pond and swamp area of the watershed, and 
consulting Table 330-8. No pond or swamps 
may be located on the time of concentration 
path. If they are. the SCS Tabular Method or 
other routing method must be used to find 
the peak discharge (refer to TR-55 Urban 
Hydrology for Small Watersheds. 1986 edi- 



Figure 330-26. Plots of rational runoff coefficients vs. rainfall intensity 
(after Rossmiller). 
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fY} Figure 330-27, Nomograph for the solution of the Rossmiller Equation (U.S. units). 
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Table 330-10. RECOMMENDED RATIONAL FORMULA RUNOFF 
COEFFICIENTS "C" 



Surface 



C 

Min. 



Street, asphalt.. 



Street, concrete 

Drives and walks 

Roofs ...„ 

Pervious areas, A soils" 



Pervious areas, B soils* 



Pervious areas, C soils* 



Pervious areas, D soils* 



0-1% slopes. 
2-6% slopes, 
steep slopes. 
0-1% slopes. 
2-6% slopes., 
steep slopes , 
0-1% slopes. 
2-6% slopes ., 
steep slopes „ 
0-1% slopes, 
2-6% slopes.. 
steep slopes ,. 



0.70 
. 0.80 
. 0.75 

0.75 
. 04 
.0.09 
.0.13 
.0.07 
.0.12 
. 0.18 

0. 1 ■ 
.0.16 
.0.23 
.0.15 
.0.20 
. 0.Z8 



0.95 
0.95 
0.85 
0.95 
0.09 
0.13 
0.18 
0.12 
0.17 
0.24 
0.16 
0.21 
0.31 
0.20 
0.25 
0.38 



Composite values 



Residential single-family detached.. 

multi- units, detached. 

multi-units, attached 

suburban lots < 2 ha (0.5 acre) .. 

suburban lots. > .2 ha (0.5 acre). 

Apartment dwelling areas 

Industrial light areas.. 



heavy areas 

Parks and cemeteries ._ 

Playgrounds _ 

Railroad yard areas _ _ 

Unimproved areas pasture (flat-steep). 



cultivated (flat-steep) 



0.30 
. 0.40 

0.60 

0.25 
.0.30 

0.50 
, 0.50 
. 0.60 

0.10 
.0.20 

0.20 
.0.10 
.0.31 



0.50 
0.60 
0.75 
0.40 
0.45 
0.70 
0.80 
0.90 
0.25 
0.40 
0.40 
0.42 
0.44 



'Use minimum value for dense, layered woods, maximum value lot good grass, soils relet to SCS hydrolagtc groups 



Table 330-11. RECOMMENDED ANTECEDENT MOISTURE CORRECTION 
FACTORS FOR THE RATIONAL FORMULA COEFFICIENT OF 
RUNOFF "C" 



Recurrence 
Interval in Years 



Correction 
Factor Cf 



to 10 
25 
50 
100 



1.0 
1.1 
1.2 
1.25 



Note the correction lactor is applied: C, « C The product should not 
exceed 1 



tion, published by the Soil Conservation 
Service for further information). 

Table 330-9 illustrates a sample calcula- 
tion of peak discharge, using the SCS 
Graphical Method. 

5.6 Rational Method 

In 1889, Kuichling introduced the Rational 
Formula for estimating peak discharges of 
runoff from rainfall in urban areas. It 
remains one of the most widely used and 
accepted methods of computing runoff. 
The formula is: 



Q = KCIA 



Where: 



Q = Peak discharge of runoff in 
mV (ftVsec) 

K = Constant (0.0028 for S.I units; 1.0 
for U.S. units) 

C = Runoff coefficient (ratio of runoff 
to rainfall) 

I = Rainfall intensity at time of con- 
centration in mm/hr (in/hr) 

A = Watershed area in hectares (acres) 

Application and Limitations: 

Assumptions intrinsic in the Rational 

Method are: 
t. Rainfall intensity is uniform through- 
out the duration of the storm and area 
of watershed. 

2. Peak discharge occurs at the time of 
concentration (i.e. it is still raining at t). 

3. Duration of the rainfall is equal to the 
time of concentration, 

4. Time of concentration includes time 
for satisfaction of initial abstractions, 
and should never be considered to be 
less than six minutes. 

While these assumptions are not actual- 
ly true for all rainstorms, they yield practical 
results for small watersheds. 

Runoff Coefficients: 

Values of the runoff coefficient (C) can be 
selected from Table 330-10, or Figure 330- 
26 can be used to select values of C if the 
rainfall intensity (I) is known. To account 
for antecedent moisture conditions, C val- 
ues chosen from Table 330-10 should be 
adjusted for storms with return periods 
over 10 years using the multipliers shown 
in Table 330-11. Values taken from Figures 
330-26 and 330-27 do not need this 
adjustment. 

If SCS Curve Numbers (CNO have been 
determined, values of C can be computed by 
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Table 330-12. EXAMPLE COMPUTATION OF A WEIGHTED RATIONAL RUNOFF COEFFICIENT. 

Assume a watershed in Ohio with 3.5 acres of suburban development, 0.5 acres of park land, and 0.7 acres of asphalt 
roadway pavement. The time of concentration is 30 minutes. Find the peak discharge from a four year rainfall event in 
cubic feet per second. 

1. Compute intensity (0 by using the Steel formula 

Ohio is in area 3 (Figure 330-19); therefore, K a 131 and b=19 (Table 330-3) 



T, + b 
131 
30 + 19 
= 2.7 in/hr 

2. Find the coefficients of runoff (C) for suburban development and park land using Figure 330-26. Find the coefficient 
for asphalt pavement from Table 330-10. Calculate a weighted coefficient. 





A 


C 


Product 


Cower Type 






(C x A) 


Suburban development 


3.5 


0.53 


1.86 


Park land 


0.5 


0.34 


0.17 


Roadway pavement 


0.7 


0.95 


0.67 


Totals: 


47 




2.7 



Weighted C = 2.7 + 4.7 = 0.57 

3. Find the peak discharge (Q) using the rational formula: 
Q= KCIA 

Q=(1.0)(0.57)(2.7)<4.7) 
= 7.2 ft'/sec 



Table 330-13. SMALL STORM VOLUMETRIC COEFFICIENTS (Rv) FOR URBAN RUNOFF 



Pervious 



CD 

E 

CD 

rt 
c 

k_ 

0) 

E 
i— 

3 

o 
m 
no 



Rainfall 

(mm) (inches) 


and large 
unpaved 
parking 
lots 


and large 
impervious 
areas (large 
parking lots 


impervious 
areas and 
narrow 
streets 


Paved 
streets 


areas, 
sandy 
soils 
group A 


clayey 
soils 
groups C &D 


1 


0.04 


0.00 


0.25 


0.93 


26 


0.00 


00 


J 


0.12 


0.30 


075 


0.96 


0.49 


0.00 


0.00 


5 


0.20 


0.54 


0.85 


0.97 


55 


0.00 


0.10 


10 


0.39 


0.72 


0.93 


0.97 


060 


0.01 


0,15 


15 


0.59 


0.79 


0.95 


0.97 


064 


0? 


0.19 


20 


0.79 


0.83 


fJ/Ki 


0.67 




002 


ij.Xi 


25 


1.00 


0.84 


0.97 


0,70 




0.02 


0.21 


30 


1.25 


86 


0.98 


0.74 




03 


0.22 


38 


1.50 


;■! W 


0.99 


0.77 




05 


0.24 


50 


2.00 


0.90 


0.99 


99 


84 


07 


0.26 


80 


3.15 


0,94 


0.99 


0.99 


G 90 


0.15 


0.33 


125 


4.92 


0.96 


99 


0.99 


093 


0.25 


0.45 



E. (April 1997)" Section 5. Small Storm Hydrology" text for Stormwater Quality Management 
Detention Basins - A Short Course on Stormwater Detention Basin Design Basics by Integrating 
Drainage Ob/ectives. Minneapolis, Minnesota: University of Minnesota Continuing Education and 



Source: Pitt, Robert 
Through the Use of 
Water Quality with 
Extension. 
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Table 330-14. REDUCTION FACTORS TO VOLUMETRIC RUNOFF COEFFICIENTS (R„) FOR DISCONNECTED 
IMPERVIOUS SURFACES* 









Medium to high 


Medium to hig 


< mm > 


(inches) 


St r n p d7h^pp'ns al 

center 


density 
paved alleys 


resf2.il 
without alley: 


1 


0.04 


0.00 


0.00 


0.00 


3 


0,12 


0.00 


0.08 


0,00 


5 


020 


0.47 


0,11 


0.11 


10 


0.39 


0.90 


0.16 


16 


15 


0.59 


0.99 


0.20 


20 


20 


0.79 


0.99 


29 


0.21 


25 


; 00 


0,99 


0.38 


0.22 


30 


1.25 


0.99 


0.46 


0.22 


38 


I 50 


0.99 


0.59 


0.24 


50 


2.00 


99 


0.81 


0.27 


SO 


3.15 


0.99 


0.99 


0.34 


125 


4.92 


0.99 


0.99 


0.46 



•For low density residential, use connected values for pervious surfaces with clayey soil from Table 330-13, 
Source: Pitt, Robert E. (April 1997)" Section 5. Small Storm Hydrology" text for Stormwater Quality Management Through 
the Use of Detention Basins - A Short Course on Stormwater Detention Basin Design Basics by Integrating Water Quality 
with Drainage Objectives Minneapolis, Minnesota: University of Minnesota Continuing Education and Extension. 



use of the Rossmiller Equation. The nomo- 
graph shown in Figure 330-27 may be used 
to graphically solve the Rossmiller Equation 
for Rational coefficients in U S. units. 

Peak Discharge Calculation: 

The Rational Method assumes uniform 
cover of the land surface producing runoff 
represented by the runoff coefficient C If 
the cover surfaces are complex, a composite 
coefficient must be computed by weighted 
averaging of C by area. 

Rainfall intensity (I) is calculated for the 
design storm and time of concentration using 
the Steel Formula (refer to subsection 5.3). 
Time of concentration is calculated using the 
Kirpich Formula for overland portions (inlet 
time), and the Manning Formula for channel 
flow portions (ditch or gutter time). 

Table 330-12 illustrates an example cal- 
culation that uses the Rational Method 
with a composite coefficient 

5.7 Small Storm Hydrology 

Design for water quality management 
focuses on capturing and treating the vol- 
ume of water rather than the peak dis- 
charge. The vast majority of annual runoff 
is produced by the small storms that occur 
more frequently than twice a year. 



Generally, treatment of runoff from a 25 
mm (1 in) rainfall event will treat 85 to 90 
percent of the annual rainfall volume. In 
most areas, the flood-producing infrequent 
rainfall events result in only about two per- 
cent of the annual rainfall volume. The 
Center for Watershed Protection in Silver 
Spring, Maryland recommends using a 30 
mn (1.25 in) rainfall event as the design 
storm for water quality treatment. The vol- 
ume of runoff produced by small storms is 
the water quality volume (WQV). 

SCS methods of converting rainfall to 
runoff are not calibrated to produce accu- 
rate results for small storms. Two methods 
for making accurate WQV calculations are 
Schueler's Short Cut Method, and the Small 
Storm Hydrology WQV Method 

Schueler's Short Cut Method: 

Schueler's Short Cut Method offers a 
reliable alternative for sites that have pre- 
dominantly one land cover type or where a 
quick, general volume estimate is desired. 
To use the short cut method, find the volu- 
metric runoff coefficient (R.) for the water- 
shed under analysis using the formula: 

R. = 0.05 + 0.009 1 



Where I is the percentage of watershed 
imperviousness (e.g., use 70 where 70% of 
the watershed area is impervious surface). 
WQV in watershed millimeters (inches) 
may then be calculated by substituting the 
design rainfall amount in millimeters (inch- 
es) for P in the formula: 

WQV = (P)(R») 

Example: Calculate the runoff volume for a 
1 .2 hectare shopping center with 85% imper- 
viousness, for a 30 millimeter rainfall event: 

Rv= 0.05 + 0.009(85) 

Rv= 0.815 

P = 30 mm (design storm) 

WQV = (30X0.815) 

= 24.45 watershed millimeters 

= 24.45 mm(1/1000 mrrt/m)(1.2 
hectareX 10.000 nvYhectare) 

= 293.4 cubic meters of runoff 

Small Storm Hydrology WQV Method: 

The Small Storm Hydrology Method uses 
runoff studies developed by Pitt and others 
to identify values of R» to calculate WQV. 
This method provides greater accuracy 
than the Short Cut Method. It can be 
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Table 330-15. RECOMMENDED VALUES FOR MANNING'S COEFFICIENT OF FRICTION (n) 



Minimum 



Values of n 
Design 



Maximum 



0) 

E 



Closed Conduits: Concrete pipe, (design = flowing full) 

Standard corrugated metal, md. & pipe arch 
(design=flowing full, plain or fully coated) .... 
Struc. plate (field bolted), corrugated metal, flowing fu 

Vitrified clay pipe 

Plastic pipe, smooth wall — ____ 

Open channels, lined, straight alignment: 

Concrete, formed, no finish „ 

Concrete, formed, trowel finish 

Concrete, formed, float finish — ........ _. 



Gravel bottom, sides formed concrete . 



Gravel bottom, sides random stone in mortar. 

Gravel bottom, sides dry rubble or rip-rap 

Brick . 



Constructed channels & swales, maintained vegetation, flow 0.6-1.8 800 m/s (2-6 ft/sec) 
Depth of flow up to 200 mm (8 in): 

Bermuda grass, Kentucky Bluegrass, Buffalo grass: 

Mowed to 50-100 mm (2-4 in) [flows 100 mm (/ 

Grasses 50-100 mm (2-4 in) tall 

Good stand, any grass:Height about 300 mm (12 in) . 

Height to about 600 mm (24 in) 

Fair stand, any grass: Height about 300 mm (12 in) 

Height to about 600 mm (24 in) ., 

Depth of flow 200-450 mm (8-18 in): 

Bermuda grass. Kentucky Bluegrass, Buffalo grass: 



Good stand, any grass: Height to about 300 mm (12 in).„ _., 

Height to about 600 mm (24 in) 

Fair stand, any grass: Height to about 300 mm (12 in). 

Height to about 600 mm (24 in) . 
Streets and gutters: Concrete gutter, troweled finish 



Concrete gutter w/asphalt pavement, range smooth to rough ._„.„. 
Gutters w/flat slopes where sediment may accumulate add to above 

Asphalt pavement, range smooth to rough 

Concrete pavement, float finish „ .„ 

Concrete pavement, broom finish _ 



Natural stream channels, surface width at bankfull flow less than 30 meters (100 ft): 
Fairly regular section: 

Some grass and weeds, little or no brush — 

Dense growth of weeds, flow depth well above weed height 

Some weeds, light brush on banks _ .. . 

Some weeds, heavy brush on banks _ . „ 

Some weeds, dense willows on banks , 
For trees in channel, with some branches submerged at 

high flow, increase all of above values by 

For irregular sections, with pools, slight channel meander, 
increase all of above values I 



0.011 


0.012 


0.013 


0.018 


0.024 


0.024 


0.030 


0.030 


0.033 


0.012 


0.013 


0.014 




0.011 




0.013 


0.013 


0.017 


0.012 


0.012 


0.014 


0.013 




0.015 


0.017 




0.020 


0.020 




0.023 


0.023 




0.033 


0014 




0.017 


in)] 




0.15 


0.03 




0.15 


0.09 




0.18 


0.15 




0.30 


0.08 




0.14 


0.13 




0.25 


0.035 




0.05 


0.04 




0.06 


0.07 




0.12 








0.06 




0.10 


0.09 




0.17 




0.012 






0.013-0.015 




0.002 








013-0 016 






0.014 






0.016 




0.030 




0.035 


0.035 




0.05 


0.035 




0.05 


0.05 




0.07 


006 




0.08 



Mountain streams, no vegetation in channel, steep banks. 

trees and brush along banks submerged at high flow 

Bottom of gravel, cobbles, few boulders 

Bottom of cobbles to large boulders,. 



01-0.02 
0.01-0.02 



04-0 05 
0.05-0.07 
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applied at any design level and can be used 
to estimate a peak discharge as well as a 
runoff volume It has four steps: 

1. For rainfall depth, P, select a runoff 
coefficient from Table 330-13 for each 
land surface. 

2. Compute a weighted runoff coeffi- 
cient, R«. 

3. For disconnected impervious surfaces, 
multiply the appropriate reduction 
factor from Table 330-14 by the Rv to 
find a corrected value. To use the 
reduction factors, the impervious area 
above the pervious surface should be 
less than half the pervious area. Also, 
the flow path through the pervious 
area should be twice the impervious 
flow path. 

4. Calculate WQV using the formula: 

WQV = (PKRv) 

Example: Calculate the runoff volume 
for a 2.6 acre small shopping center water- 
shed having a 0.8 acre flat roof. 1.5 acres 
of paved parking lot and 0.3 acres of open 
space (clayey soils). Assume a 1,25 inch 
rainfall event and no disconnection of 
impervious surfaces. The weighted volu- 
metric runoff coefficient is: 



flat roof: 0.8 acres x 0.86 = 
parking lot: 1 .5 acres x 0.98 ■ 
open space: 0.3 acres x 0.22 = 



0.7 

1.5 
0.1 

total: 2.6 acres 2.3 

Weighted Rv = 2.3/2.6 = 0.88 

Calculate water quality volume 
WQV =(P){R.) 

= {1. 25X0.88) - 1.1 watershed 
inches 

= 1.1 in <7u in/ft) 
(2.6 acres)(43,560 ft /acre) 

= 10,382 cubic feet of runoff 

Smati Storm Hydrology Peak Discharge 
Method: 

Where small storm peak discharges are 
needed in U.S. units, SCS curve numbers 
can be adjusted for use with the SCS TR-55 
Graphical Peak Discharge Method. The 
WQV is used with the rainfall amount to 
calculate a new curve number (CN) by the 
following formula: 



CN = 



1000 



10 + 5P + 10Q(Q ? + 1 25QP) 04 

Where: 

P = design rainfall depth 
in inches 



Q = WQV in inches. 

Time of concentration is computed using 
SCS methods (use a minimum of 0.1 
hours). A unit peak discharge (qj is calcu- 
lated using the normal SCS Graphical Peak 
Discharge Method described in subsection 
5-5. The peak discharge, q P , is found by: 



q P = q,.(A)(WQV) 



Where: 



q P ■ peak discharge in ftVsec. 

q„ = the unit peak discharge in 
ftVsec per square mile per 
inch of runoff 

A = the drainage area, in square 
miles 

WQV = water quality volume, in 
watershed inches. 



6.0 CONVEYANCE TECHNIQUES 



The fundamental conveyance techniques 
are: channels and swales, culverts, and 
storm sewers. Their critical design relation- 
ships are velocity and volume to rate of dis- 
charge. Velocity is the most complex para- 
meter, expressed in Manning's Equation. 

6.1 Manning Formula 

With the exception of culverts, standard 
design of conveyance structures assumes 
steady, uniform, open channel flow condi- 
tions, not pressure flow conditions. Flow is 
caused by gravity. Uniform flow means 
depth, slope, velocity and cross-section 
remain constant over the length of the 
channel. 

Elements of Open Channel Flow: 

The cross-sectional components of open 
channel flow are shown on Figure 330-28. 
In design calculations, the effect of channel 
shape is considered by using the hydraulic 
radius of the flow cross-section, based on 
the formula: 

R=* 



Where: 

R = the hydraulic radius in 
meters (feet) 

A = the cross-sectional area in 
square meters (square feet) 

P = wetted perimeter in meters 
(feet) 

The wetted perimeter is the perimeter of 
the containing cross section in contact with 
water at the design depth of flow. Figure 




CR055 SECTION 

W = CHANNEL WIDTH 
a = CROSS SECTIONAL AREA 
P = WETTED PERIMETER 
A = DEPTH OF FLOW 



Figure 330-28. Flow components of 
channel sections. 



330-29 shows the formulas for computing 
the elements of channel cross sections for 
different channel shapes. 

Manning's Equation: 

The flow in open channels is a function 
of velocity and the cross -sectional area of 
flow. Velocity is a function of slope, surface 
roughness and cross-sectional shape. The 
Manning Formula is used to compute 



velocity: 



Where: 



R'" S ' 



V = 



velocity of flow in meters 
per second (ft/sec) 

Manning's coefficient of 
friction 



R = hydraulic radius of flow 
cross-section in meters (ft) 

S = longitudinal slope of the 
hydraulic grade line (water 
surface) in m/m (ft/ft) 

K ■ constant (1.0 for S.I. units; 
1.486 for U.S. units) 

In steady, uniform open channel flow, 
the slope of the water surface is parallel to 
the slope of the channel bottom. Table 
330-15 gives values for Manning's coeffi- 
cient of friction (n). 

Two other arrangements of the Manning 
formula are convenient in conveyance 
design. Discharge (Q) can be expressed in 
terms of the Manning Formula using the 
following formula (Where A = area of cross- 
section of water flow and V m velocity): 

Q = VA 
Q = (JMaR^S 05 
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Figure 330-29. Hydraulic elements of channel sections. 
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Figure 330-30. Critical Depth and flow character of channels. 



Slope (5) can then be expressed: 
\ KR 067 ) 

F/cw SfaM/fy aw/ Critical Depth: 

The velocity of flow relative to the other 
cross-sectional characteristics is important 
to stability. Critical velocity occurs at critical 
depth, the depth of flow at which the dis- 
charge of the section is maximum for a spe- 
cific energy of flow. Flow becomes very 
unstable as critical flow is approached. 
When flow is deeper than critical depth 
(subcritical flow), velocity is lower than at 
critical depth (Figure 330-30). When flow is 
shallower than critical depth (supercritical 
flow), velocity ts higher than at critical 
depth. 

A common test of channel section suit- 
ability is to check the design depth or 
velocity against critical depth, or the critical 
velocity for the section. If design values are 
within ten percent of critical values, the 
design is considered unstable. 

6.2 Channels and Swales 

Open vegetated channels and swales are 
typically components of the minor system, 
and are designed to convey peak dis- 
charges of runoff. All vegetated channels 
provide significant amounts of storage and 
infiltration, and are excellent techniques for 
reproducing pre-development hydrologic 
conditions. For example, the use of road- 
side swales instead of curb and storm sewer 
in many cases can reduce peak discharges 
below pre-development conditions. This 
results from the sheer quantity of swale 
length and volume. 

For ease of construction and hydraulic 
performance, swales are typically designed 
with trapezoidal cross-sections. Cross-sec- 
tion design fits size and depth to accommo- 
date peak discharge using hydraulic design 
charts. A bottom width and depth of flow 
are selected to handle the discharge from a 
two year rainfall without reaching erosive 
velocity [1.2 to 1.5 m/s (4.0 to 5.0 ft/sec) 
maximum]. Additional depth is added to 
accommodate the discharge from a ten year 
rainfall without eroding [2.1 m/s (7.0 ft/sec) 
maximum]. 

Swales and channels can be enhanced to 
treat water quality volume (WQV). In these 
cases design starts by selecting bottom 
width, depth and length sufficient to hold 
the WQV Additional depth for the two 
year and ten year rainfalls is provided. Flow 
at WQV depth should be no faster than 
0.3 m/s (1.0 ft/sec) and long enough to 
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[B) GRASS CHANNEL 



[D) WET SWALE 



Figure 330-31. Basic channel and swale types. 



create at least 10 minutes of travel time 
over its length. Example sections of four 
basic channel and swale types are shown 
on Figure 330-31. Design charts for trape- 
zoidal sections with 2:1 side slopes are 
shown as Figures 330-32 through 330-34. 
Bottom widths should not be wider than 1 
800 mm (6 ft) to prevent braiding at low 
flows. Other shapes, side slopes and bot- 
tom widths can be designed using a com- 
puter model to solve Manning's Equation. 

Grassed Channels: 

Figure 330-3 1a is a drainage channel 
designed to just convey runoff without ero- 
sion or over-topping. Figure 330-31 b is a 
grassed channel designed for filtering the 
WQV peak discharge. Flow depth for 
WQV should not exceed 100 mm (4 in). 
Longitudinal slopes should not exceed 4% 
or be less than 1 %. Use n = 0.15 for water 
quality depth. For deeper flows, n varies 
from 0.15 to 0.03. 

Dry and Wet Swales: 

Figure 330-31 c is a dry swale that ponds 
and infiltrates the WQV beneath the swale 
outlet. Figure 330-31 d is a wet swale that 
stores the water quality volume beneath 
the swale outlet and exposes the water 
table to create a wetland in the swale bot- 
tom. Storage should drain slowly over 24 
hours and is best controlled with a v-notch 
weir cut into a check dam. Both types of 
swale should have a forebay made with a 
check dam at the culvert entry into the 
swale. The forebay should hold a volume 
equal to 0.05 times the impervious area 



draining into the culvert. Longitudinal 
slopes should be between 1% and 2% 
without the use of check dams. Slopes may 
be steeper if check dams are placed along 
the length. For dry swales a 750 mm (30 in) 
deep gravel bed with underdrain should be 
used over the bottom width, and the 
underlying soil bed should be moderately 
permeable. Soils under the wet swale 
should be undisturbed. Flow depth for 
WQV should not exceed 450 mm (18 in). 

Design Charts: 

WQV volume or discharge (Q) in U.S. 
units for swales and channels is found using 
design charts. An initial cross-section is 
determined by selecting a trial n and chan- 
nel bottom width. Select the chart corre- 
sponding to bottom width from Figures 
330-32 through 330-34. Use Qn to enter 
the chart (bottom) and find a correspond- 
ing Vn and depth at the design longitudinal 
slope. Velocity is found by dividing Vn by n. 
The process is repeated for each design 
storm using an appropriate n value. 
Channels with slopes within 10% of the 
critical slopes shown on the charts should 
be discarded, and a different configuration 
(bottom width) considered. 

6.3 Culverts 

Culverts are designed to work under 
pressure flow conditions as they cause 
water to back up at the inlet end of the 
pipe. Figure 330-35 shows the various cul- 
vert components The height of water cre- 
ated at the inlet may be caused by inlet or 
outlet constriction. Standard procedure is 



to calculate the headwater created by each 
condition and assume the worst case pre- 
vails. Where headwater exceeds 1 .2 diame- 
ters of pipe above the culvert inlet, anti-seep 
collars should be attached every 6 m (20 ft) 
along the culvert barrel, to prevent seepage 
cavitation around the culvert. 

Figure 330-36 shows an example of a 
standard calculation with the steps out- 
lined. Figure 330-37 is a nomograph for 
solution of headwater depth for inlet con- 
trol. Figure 330-38 is a nomograph for the 
solution of head depth for outlet control. 
Both nomographs are for corrugated metal 
pipes. Calculations for other pipe types and 
shapes can be accomplished with computer 
programs or with nomographs found in 
Hydraulic Design of Highway Culverts — 
Hydraulic Design Series No. 5 (1985) pub- *f 
lished by the Federal Highway Adminis- 
tration (FHWA-IP-85-15) Figure 330-39 is £ 
a nomograph for finding values of critical (y 
depth, dr., in circular pipes. The basic W) 
entrance conditions and flow coefficients jS 
for metal pipe culverts are shown in Figure 
330-40. 

In acid soils, metal culverts should be »- 
fully paved or concrete culverts should be +j 
used. Figure 330-41 shows minimum g 
depths of cover over culverts required to > 
distribute wheel loads over the arch of the C 
barrel. Culvert slopes may be almost flat, q 
and little additional flow advantage is 
gained above a 2% slope. 
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CHANNEL CHART 
2'f b* 2 FT. 



O Figure 330-32. Design chart for trapezoidal channels (2 ft. bottom width, 2:1 side slopes). 
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CHANNEL CHART 
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Figure 330-33. Design chart for trapezoidal channels (4 ft. bottom width, 2:1 side slopes). 
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CHANNEL CHART 
2-1 b * 6 FT. 



Figure 330-34. Design chart for trapezoidal channels (6 ft. bottom width, 2:1 side slopes). 
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6.4 Storm Sewers 



5torm sewers are usually designed using the 
Rational Method for the 10 year rainfall 
event. Duration is assumed equal to the 
time of concentration at the point where 
flow is caJculated. For small systems, design 
begins by identifying inlet and manhole 
locations, and connecting straight pipe runs 
between manholes (Figure 330-42). Man- 
holes provide pipe-end access for cleaning 
and inspection, and may or may not be used 
as inlet structures. Pipes from inlets to man- 
holes are not typically sized, as minimum 
pipe size is rarely exceeded by inlet flow. 
Minimum pipe size is dependent on the type 
of pipe used. Polyvinyl Chloride (PVC) pipe 
may be as small as 200 to 250 mm (8 to 10 
inches), while concrete pipe is typically at 
least 300 mm (12 inches). Design focuses on 
selecting pipe sizes between manholes to 
carry design flows and setting invert eleva- 
tions and pipes slopes. Profiles cut through 
the centerline of pipes and manholes are 
used to control manhole depths, and pipe 
slopes and inverts 

Design flows: 

Maximum discharge through circular pipes 
occurs when depth of flow is about 90 per- 
cent of pipe diameter. Storm sewers are 
typically designed to flow full to the pipe 
top. This allows a margin of safety m design 
calculations. Pipe sizes and slopes can be 
selected to match calculated runoff dis- 
charges using Table 330-16. 

To set pipes at other slopes, use Figure 
330-43 to select pipe sizes and solve 
Manning's Equation in U.S. units Velocity 
and depth of flow for design discharges of 
partially full pipes can be calculated using 
Table 330-17. Full-pipe discharge is found 
multiplying velocity by area. Area and veloc- 
ity are found for the full pipe section 
(hydraulic radius of circular pipes = Diameter 
4 4). Design discharge as a ratio of full pipe 
discharge is used with the table to find the 
design depth of flow and the design veloci- 
ty from the ratio of full pipe velocity. 

Design Calculations: 

Design calculations work downstream from 
the uppermost manhole, sizing the pipe 
leaving the manhole to accommodate the 
sum of all flows entering the manhole The 
routing of flows through the system is han- 
dled by using a progressively longer time of 
concentration to account for flow time to 
the point of concern. Time of concentration 
to the uppermost manhole is the time of 
overland flow (minimum 5 minutes) For 
subsequent subcatchments, overland flow 
time is ignored The sum of overland flow 
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Figure 330-35. Components of culverts. 
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Figure 330-36. Example culvert design calculation form. 



to the first inlet plus pipe flow time to the 
manhole of interest is used for the time of 
concentration for the subsequent subcatch- 
ments. Where branches converge, the 
longest flow time is used. 

Velocities: 

A standard minimum design velocity of 0.6 
m/s (2.0 ft/sec) is used to prevent sediment 



build-up in pipes A velocity of 0.9 m/s (3.0 
ft/sec) will remove heavy sands. Maximum 
velocity is usually 3 m/s (10 ft/sec). 

Turbulence causes velocity loss at man- 
holes. To compensate, the inverts of pipes 
exiting the manhole must be lower than 
those of entering pipes. Since exiting pipes 
are larger in diameter than entering pipes, 
the drop is accomplished by holding the 



C 

E 

CD 

9 

c 

« 

5 

E 
i— 

o 
•*-> 
uo 

O 

en 



Time-Saver Standards (or Landscape Arclntecture 



330-34 



iO.000 

• I.OM EXAMPLE 




Figure 330-37. Headwater depths for corrugated metal Figure 330-38. Head for standard corrugated metal pipe 
pipe culverts with inlet control (U.S. units). culverts flowing full [outlet control, n=0.024] (U.S. units). 
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rrj Figure 330-39. Critical depth, dc, nomograph for circular pipe (U.S. units). 



pipe tops (crowns) at the same elevation 
At manholes where the pipe run deflects 
over 45° the minimum invert drop should 
be 75 mm (3 in). 

P Manholes: 

The maximum spacing between manholes 
is a function of cleaning equipment capa- 
bility, and is typically specified by local gov- 
ernments. Maximum manhole spacing 



ranges from 1 00 to 1 50 meters (300 to 500 
ft). Minimum manhole depth is a function 
of headroom needed for maintenance 
workers. Standard interior manhole diame- 
ter is 1 200 mm (4.0 ft). Pipe lengths are 
measured to the inside of manhole walls. 
Manholes are usually custom fabricated of 
precast concrete or heavy corrugated 
metal, but may also be laid up with unit 
masonry in the field 



Pipe Materials: 

Typical pipe materials include reinforced 
concrete pipe (RCP), corrugated metal pipe 
(CMP), high density polyethylene (HDPE) 
plastic pipe and polyvinyl chloride (PVC) 
plastic pipe. A minimum diameter of 200 
mm (8 inches) is recommended to mini- 
mize blockages. Pipes are also available in 
oval and arch shapes. 



7.0 STORAGE TECHNIQUES 



Storage is used to reduce the peak dis- 
charge from developed conditions to the 
pro-development level. Wet detention can 
be used to improve water quality. Deten- 
tion for flood protection is best provided on 
a regional basis rather than on an individual 
site basis. Generally, storage provided in 
the upper third of a watershed will reduce 
downstream flooding. Storage located in 
the lower third of a watershed will general- 
ly increase flooding. Water quality deten- 
tion can be provided anywhere in the 
watershed that provides capture of the 
water quality volume of runoff. Water 
quality detention is typically most econom- 
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HEADWALL INLET 
Ka = 0.S 



PROJECTING INLET 
Ki = 0.9 



Figure 330-40. Basic entrance conditions for culverts 




MITEREP INLET 
K« = 0.7 




226 mm (9") 
J - FULL DEPTH 
BITUMINOUS 



m — FILL 

US COMPACTED 
IN LAYERS 



PLACED ON 
UNDISTURBED SOIL 



Figure 330-41. Minimum pipe cover 
over culverts. 



Table 330-16. QUANTITIES, VELOCITIES AND SLOPES FOR CIRCULAR SEWERS FLOWING FULL (U.S. Units) 



Pipe Dia- 
inches 


2.0 fpi 


3.0 fps 


4.0 fps 


5.0 fps 


6.0 fps 


7.0 fps 


8.0 fps 


8 


Q 




1 1 


1.4 




i 


2.4 


2.8 




S* 


3.3 


7.5 


13.3 


20.8 


30.0 


40.7 


53.2 


10 


Q 


1.1 


i 6 


2.2 


2.7 


3.3 


3.8 


4.4 




S* 


2.5 


5.6 


99 


15.5 


22.3 


30.3 


39.6 


12 


Q 


1.6 


2.4 


3.1 


3.9 




5 5 


6.3 




S" 


1.9 


, 1 


7.8 


12.1 




23.8 


31.0 


15 


Q 


2.5 


i 7 


1 i 


6 l 


7.4 


8,6 


9.8 




s- 


1.4 


3.2 


5.8 


9.0 


13.0 


17,8 


23.0 


18 


Q 


3.5 


5.3 


; i 


8.8 


10.6 


12.4 


14.2 




S" 


1.1 


2,5 


4,5 


7 I 


10 i 


13.8 


18.1 


21 


Q 


4 c 


7.2 


9.6 


12.0 


i : 4 


17.8 


19.2 




s* 


0.92 


2.1 


3.7 


5.8 


8.3 


11.3 


14.7 


-'-J 


Q 


63 


9.4 


12.6 


15.7 


18.8 


22.0 


25.2 




S* 


0.77 


1.7 


3 I 


48 


7 


9.5 


12.4 


27 


Q 


8.0 


11.9 


15.9 


19 9 


23.9 


27.9 


31.9 




s- 


66 


1.5 


2.6 


-1 i 


5.9 


8.1 


10.5 


30 


Q 


98 


14 7 


19.6 


2-4 5 


?9 4 


34.4 


39.3 




v 


057 


I 3 


2.3 


3.6 


52 


7.0 


9.2 


33 


Q 


11.9 


17 8 


23.8 


29.7 


35.7 


41.7 


47 6 




S* 


0.50 


l 1 


1 i.i 


3.1 


4.5 


6,2 


8 I 


36 


Q 


14.1 


21.2 


28 3 


35.4 


32.4 


49 5 


56.6 




S* 


0.45 


1 1 


1.8 


2.8 


4.0 


5.5 


7.2 


42 


Q 


19.2 


28.9 


38.4 


4,-:' : 


57.7 




76.9 




s- 


0.36 


0.82 


1.5 


2.3 


33 




5.8 


48 


Q 


25.2 


37.7 


50.3 


62.8 


75.4 


88.0 


101.0 




S' 


30 


0.68 


l 2 


1.9 


2.7 


3.7 


4 9 



■Slopes are in thousandths of feet per foot 
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Figure 330-42. Typical manhole with inlets. 



Table 330-17. HYDRAULIC CHARACTERISTICS OF CIRCULAR PIPE 



E 

if 
1 

f 

a 

o 

CO 

cry 



Depth of flow 


Partial area 




Velocity partly full 




Total area 


Discharge flowing full 


Velocity flowing full 


o 
















0.25 


0.10 


0.052 


021 


0.40 


0.15 


0.094 


0.049 


0.52 


0.20 


1 ',3 


0.088 


0.62 


0.25 


0.196 


0.137 


0.70 


0.30 


0.252 


0.195 


77 


0.35 


0.312 


0.262 


84 


0.40 


1 1 3 


0336 


90 


45 


0437 


0.416 


95 


50 


0.500 


0.500 


l 00 


(i „(.t 


0.6,'/ 


0.67 I 


■ 07 


: i /< i 


0.748 


U837 


112 


U 80 


0.858 


0.977 


1.14 


0.90 


O9<>0 


I 067 


1.12 


0.95 


0.982 


! ,.!." 


1.09 


1.00 


1.000 


I 000 


1 00 
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Figure 330-43. Nomograph for pipe sizing and solution of Manning's Equation 
(U.S. units). 



ical if provided as part of a district or 
regional plan. 

Most storage basins are constructed as 
excavated basins if possible Excavating is 
typically less technical, and less expensive, 
than constructing earth-fill dams for 
embankment ponds. For schematic design, 
pond volume may be roughly estimated by 
the following formula: 

V= 1 DA 
3 



Where. 



V = volume of water in cubic 
meters (cubic feet) 

D = maximum depth m meters 
(feet) 



A = surface area of pond in 
square meters (square feet) 

7.1 Stage-Storage Curves: 

Precise pond volumes may be determined 
using contours and volume estimation. This 
methodology is used to develop stage-stor- 
age curves for pond level determination 
and for setting pond outlet elevations. A 
stage-storage curve is a plot of volume 
stored at each possible water surface eleva- 
tion. The points of the curve are usually 
plotted for each meter (foot) of pond 
depth, and then visually integrated into a 
curve that connects the points (Figure 
330-44), 



7.2 SCS Storage Volume for 
Detention Basins 

This is a quick manual method of estimating 
the relationship between storage volume 
and discharge in detention ponds without 
actual routing calculations. It is intended 
mainly for schematic design and has a bias 
toward oversizing ponds. It should not be 
used for final pond design where an error in 
storage of 25 percent cannot be tolerated. 
More accurate estimation can be provided 
by computer programs. 

Figure 330-45 may be used to find either 
the volume of storage (V,) needed to reduce 
a peak discharge, or to find the runoff dis- 
charge (q<.) from a given volume of pond 
storage in U.S. units. The first case (most 
common) is used when runoff from devel- 
oped conditions must be held at or below 
pre-development peak discharge rates. The 
second case is typically used to determine 
the effect of a known pond volume on peak 
discharge from a given design storm, 

7.3 Rational Mass Inflow Method 

This method constructs a synthetic curve 
representing cumulative storm runoff over 
time using the Rational Formula and an IDF 
curve. This method should only be used for 
small catchment areas such as roofs and 
parking lots. Outflow discharge rate is gen- 
erally fixed or assumed. The inflow curve is 
calculated from runoff, the outflow 'curve' 
is calculated from the discharge rate. The 
maximum difference between the two is 
the storage volume needed. 

Table 330-18 illustrates a sample storage 
calculation using the Rational Mass Inflow 
method. 

7.4 'Chainsaw' Water Balance 
Analysis 

Where a permanent pond is intended, it is 
a good practice to conduct a water balance 
analysis to see what will likely happen to 
the water surface over time. A water bal- 
ance is a monthly accounting of the effect 
on water surface elevation of runoff, evap- 
oration, and infiltration. Monthly calcula- 
tions are continued until an annual pattern 
is repeated. This approach is dubbed 
'Chainsaw' because it is very rough, but 
sufficient to get a general idea of pond per- 
formance. Table 330-19 shows a portion of 
an example calculation. 

Data needs are: local average monthly 
precipitation depths, local average monthly 
evaporation rates from lake and reservoir 
surfaces, and an estimate of monthly infil- 
tration based on soils under the pond. In the 
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Figure 330-44. Example of a stage-storage curve. 
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Figure 330-45. SCS Approximate detention basin routing for rainfall types 1, 
IA, II and III. 



U.S. the monthly precipitation and evapora- 
tion rates are plotted on maps that may be 
obtained from the state NRCS engineering 
office. Infiltration rates can be developed 
from soil data, or more accurately from field 
tests. In addition, standard watershed data 
is needed and a stage storage-curve for the 
pond must be constructed. 

7.5 Dry Detention Ponds 

Dry detention ponds are typically 
designed to drain within 72 hours after a 
rainstorm. Discharge rate is controlled at or 
below pre-development peak discharge. 
The design volume for small ponds may be 



determined by either the SCS Method or 
the Rational Mass Inflow Method. 

All ponds should have at least two types 
of outlets: (1) a principal spillway and (2) an 
emergency or overflow spillway (see Figure 
330-46). The principal spillway is an outlet 
sized to a release rate for the designed pond 
volume. The emergency spillway provides 
an alternative release path for cases when 
the principal spillway is blocked or the 
capacity of the pond is exceeded In perma- 
nent ponds, the principal spillway design 
storm ranges from 10 year to 100-year, 24- 
hour rainfall. Emergency spillways are 
designed to pass a 100 year, 24 hour storm. 



Temporary ponds are usually wet detention 
ponds for trapping sediment, with their 
respective design storms being 2 -year and 
10-year, 24 hour events. 

Spillways may be designed as culverts 
with anti-seep collars or as combinations of 
weirs Outflow device inlets are placed at 
the pond bottom to drain the pond com- 
pletely (Figure 330-47). 

Maximum depth of storage is estab- 
lished using a stage-storage curve and the 
design pond volume. The emergency spill- 
way invert elevation is usually set 150 mm 
(6 in) above the water surface of the prin- 
cipal spillway design storm. 

7.6 Wet Detention Ponds 

Wet detention ponds are designed to have 
a permanent pool of water with additional 
volume above the water surface for han- 
dling runoff pulses. Wet detention has 
become a standard requirement for 
removal of sediment from runoff. Temp- 
orary storage depths can be added above 
the sediment treatment design if desired 

The standard components of a wet 
detention pond sediment removal are: a 
forebay, a storage basin and an outlet struc- 
ture (Figure 330-48). The forebay slows and 
spreads runoff flow using rip-rap or a level- 
spreader or both. For the greatest efficiency, 
the storage basin should be long and nar- 
row, with a temporary detention depth of 
900 to 1 200 mm (3.0 ft. to 4.0 ft). 

Figure 330-49 shows a typical cross-sec- 
tion for a wet detention pond. Safety is a 
concern in pond design Slopes along the 
shoreline should be gradual (1:4 or less) 
and/or protected by dense upland planti- 
ngs. A 6 000 mm (20 ft) flat shelf (1:10 
slope or less) should be provided at the 
water's edge if possible. Safety fencing 
should be avoided, unless no other alterna- 
tive is available. 

Regulations for sediment settling typically 
target a 5 micron or 20 micron particle for 
sediment removal performance. Table 330- 

20 shows the minimum water surface area 
for wet sedimentation ponds. Tables 330- 

21 through 330-23 show minimum water 
surface sizes for satisfactory removals at 
each stage of head over outlet invents for 
various outlet types. In general, v-notch 
weirs provide the greatest precision of flow 
control and the smallest pond areas. 
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Table 330-1 B. EXAMPLE RATIONAL MASS INFLOW STORAGE VOLUME CALCULATION {U.S. units) 



Determine the amount of storage needed on a 40,000 s.f. 1,0.92 acres) roof top (A) for a year storm, given a roof drain 
that will discharged maximum of 16 c.f.s Assume runoff coefficient (C) of 1,0, 

The calculations to produce the volumes for the inflow and outflow curves, and the resulting storage requirements at 
each time interval are shown in the following table: 













f 




h 


Time 
in 

JUim 

jviin . 


a x e 


i. 

in./hr. 


Time in 
Seconds 


Inflow volume 
in cu. ft. 

(col. b - c - d) 


Outflow 
discharge 
rate in 
cfi 


Outflow 
volume in 

cu. ft. 
(col. d - f) 


Storage 
required 
cu. ft. 

(col. c -g) 


in 


( 


7.02 


600 


3.875 


0.16 


W 


3,779 


15 


92 


5 ■■>■ 


WO 


4.769 


1.1 16 


I44 


4,625 


30 


92 


3 SO 


1,800 


6.293 


16 


288 


6,005 


60 


092 


2 31 


3.600 


7.651 


16 


576 


7,075 


120 


0.92 


1 28 


7,200 


8.479 


16 


1.152 


7,327 


360 


92 


0.59 


21.600 


11.724 


16 


3.456 


8,268* 


720 


92 


0.3S 


43,200 


15.102 


16 


6.912 


8,190 


1440 


92 


0.22 


86,400 


17,587 


16 


13,824 


3,763 



Maximum storage volume required on roof 



Table 330-19. PARTIAL "CHAINSAW" WATER BALANCE CALCULATION EXAMPLE (U.S. units) 



1 


element /month 


Apr. 




June 


July 


Aug. 


Sept 


Oct. 


Nov. 


Dec 


Jan. 


2 


m. P PH * tl 


2 1 


3.2 


4 1 


3 5 


3 6 


2.5 


1.9 


1.3 


1,6 


1.6 


3 


Start water 
surface el. 


100.0 


102 


102.5 


103 


1020 


102 5 


102.5 


102.2 


101.5 


103.4 


4 


flow into pond 
(ac. ft.) 


22 


3.4 


4.4 


3.7 


3.8 


27 


2.0 


14 


1.7 


1 7 




new water 
surface el. 


103.4 


105.4 


105.9 


105.7 


105 5 


105.2 


104.9 


104.0 


103.9 


105.0 


6 


- depth of 
monthly infiltra- 
tion (clay at 0.04 
in/hr) in ft. 


1 1 


2.5 


2.4 


2 5 


2 5 


2.4 


2.5 


2 4 








7 


- depth of avg. 


3 


04 


0,5 


0.5 


0.5 


03 


0.2 


1 


04 


0.4 


8 


end pond surface 
el. (row 5- rows 6 
*7) 


102.0 


102.5 


103.0 


102.0 


102.5 


102.5 


102.2 


101.5 


103.4 


104.6 



The starting water surface eWj-valkm (Row 3) is thr pond bottom In* the first month The pond wiN collect runoM For earn month thereafter n h, the end pond surface 
Hrvation [Row 7) fmm thr tHrwju* month 

Runoff volume iRow A) is found using the small storm hydrology method to convert average monthly rainfall depth inio average monthly runoff depth fWQV} 

Row 5 Is found using the pond stage -storage curve Using the curve s storage state, the runoff volume from Row 4 H added to the volume lor the depth in Row 3 
The corresponding new rlev.inon found on the curve's itagc scalr 

rate per hour times hours in the month) In the example. A shallow pond \s assumed to 
/aporaTion from ^now Two yea/** worth of calculations are 



Row 6 values account for leakage or Ihe pond th'ough 



wntr precipitation rind evaporation are still used in winter months to crudely account for snowfal 
usually syrfrcienf to determine whetner the pond will fill and maintain a water surface 
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EMERGENCY OVERFLOW 




Figure 330-46. Detention pond with principal and emergency spillways. 



I MAXIMUM WATER SURFACE 




Figure 330-47. Schematic profile of dry detention pond. 
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8,0 FLOW CONTROL 
TECHNIQUES 



8.1 Off-line Diversions 

Water quality control facilities are protected 
from sediment scour by diverting flows in 
excess of the WQV around them, putting 
them "off-line" from large storm flows. 
The best method for accomplishing this is 
to set a diversion weir within the facility to 
be protected that is equal to the design 
WQV elevation. The overflow weir is sized 
to pass discharges in excess of the WQV. 

Diversion structures can also be installed 
in the drainage network upstream from the 
facility to be taken off-line. In piped sys- 
tems, a control box structure (Figure 330- 
50) is used. In open channel systems, a 
check dam can be set diagonally to divert 
the WQV to the treatment facility and 
bypass excess flows over the dam. 
Drainage network diversions may be sized 
by the following procedure: 



1 . Compute peak discharge for WQV 
using the small storm method. 

2. Compute the peak discharge for the 
"bypass" storm using the Rational 
Formula or SCS TR-55. 

3. Size WQV discharge slots, openings 
or pipe using the weir formula for siz- 
ing grate inlets (see subsection 8.3 
Drain Inlets). 

4. Size overflow weir for " bypass storm " 
(see subsection 8.2 Weirs). 

8.2 Weirs and Level Spreaders 

Weir flow is illustrated in Figure 330-51. 
Flow (Q) in mVs (ftVsec) over crested 
weirs may be computed using the weir flow 
equation: 



Q = C»LH' 5 



Where: 



Q - quantity of discharge in 
mVs (ftVsec) 



C* = weir flow coefficient from 
Table 330-24 

L = the length of the weir in 
meters (ft) 

H = head or height of the water 
surface above the weir crest 
measured in meters (feet), 
short distance upstream 
from the weir 

Level spreaders are used to distribute 
flows evenly over a wide area to minimize 
erosion or maximize filtering by vegetated 
surfaces. Where the weir has a rectangular 
crest, or the crest is an earthen bank, and is 
positioned transversely across the direction 
of flow use the above equation to calculate 
the flow. Where the weir is positioned par- 
allel to the flow (Figure 330-52) diverting 
excess flow to the side of the main direc- 
tion of flow (rectangular crest) use the 
Engels version of the weir flow formula: 

Q = 3.32L I,s;, H ,fi7 
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RECTANGULAR 
WEIR 



Figure 330-48. Wet detention pond for sediment removal. 



3:1 MAX. SLOPE 

(6:1 FOR WILDLIFE ACCESS) 



V-NOTCH 
WEIR FOR WQV 




PIPE (PRINCIPAL 
SPILLWAY BEYOND) 



Figure 330-49. Recommended cross section for wet detention pond. 



8.3 Drain Inlets 

Flow through inlet grates is best deter- 
mined with computer programs, or using 
design charts for specific inlet gratings and 
types. 

Grafe Inlets at Low Points: 

Where the ponding over the grate is 0.4 
ft or less, use the following arrangement of 
the weir formula to calculate the discharge 
through the inlet in U S units: 



Q = 3PH" 



Where: 



Q s quantity of discharge in 
ftVsec 

P = perimeter of inlet opening 
(ignoring bars) m ft 



D = depth of ponding over the 
inlet in ft. 

Where the ponding over the grate is 
greater than 0.4 ft, use the orifice flow to 
calculate the discharge through the inlet: 



Q = 0.6A\ 2gD 



Where: 



Q = quantity of discharge in 
ftVsec 

A = total area of clear opening 

in ft? 

g = acceleration from gravity. 
32.2 ft/sec ; 

D = depth of ponding over the 
inlet in ft. 



Curb Inlets: 

Where the inlet is a curb opening and 
100% of the flow is diverted into the inlet, 
flow may be computed in U.S. units by: 

Q = 0.7L (A + D) 15 

Where: 

Q = quantity of discharge in 
ftVsec 

L = length of inlet opening in ft. 

a = any additional depression of 
the curb inlet below the gut- 
ter in ft. 

D= depth of ponding over the 
gutter bottom in ft. 

If the curb inlet also has a gutter grate, 
ignore the effect of the grate in sizing the 
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Table 330-20. MINIMUM POND WATER SURFACE AREA AS A PERCENTAGE 
OF DRAINAGE AREA FOR SEDIMENT PARTICLE CONTROL BY 
LAND USE TYPE. 



Land Use for 5 micron co ntrol for 10 m icron co ntrol 



Totally paved areas 


3.0% 


1.1% 


Freeways (urban) 


2.8% 


1 0"„ 


Industrial areas 


2.0% 


0.8% 


Commercial areas 


1.7% 


0.6% 


Institutional areas 


1.7% 


0.6% 


Residential areas 


0.8% 


0.3% 


Open space areas 


0.6% 


0.2% 


Construction sites 


1.5% 


0.5% 



Source PiM, Robert £ (April 1997) tent to- Stomwttet Quality Management Through the Use of Detention fl.isim - 
A Short Course on Stormwater Detention Basin Design Busies by Integrating Water Quality with Drainage Ohiectivef 



Minneapolis, Minnesota: University of Minnesota Continuing Education and Emersion 



Table 330-21. MINIMUM POND SURFACE AREA REQUIREMENTS IN U.S. UNITS (acres) FOR 5 MICRON PARTICLE 
SIZE CONTROL FOR STANDARD DEGREE V-NOTCH WEIRS 



O 

Co 
O 

no 
m 



Notch 
Angle 


D 

22.5 


30 


45 




Head 
(ft) 


Flow 
(cfs) 


storage 

(ac-ft) 


(acres) 


Flow 

(cfs) 


storage 
(ac-ft) 


(acres) 


Flow 

(cfs) 


Req'd. 

storage 

(ac-ft) 


Req'd. 

(acres) 


0.5 


0. 1 


cC 01 


0.01 


0.1 


■001 


0.02 


0.2 


<0.01 


0.03 


1.0 


0.5 


0.03 


0.1 


0.7 


0.05 


0.1 


1.0 


0.05 


0.2 


1.5 


1.-1 


0.1 


2 


1.9 


0.2 


0.3 


2.9 




0.5 


20 


2.8 


0.3 


0.5 


3,8 


0.3 


07 


5.9 


o 6 


1.0 


3.0 


7.8 


1,2 


1.4 


11 


1.6 


1.8 


16 


i 


2.8 


4.0 


16 


1 1 


2.8 


22 


4.4 


3 8 


33 


5.9 




Notch 
Angle 




60 




90 


120 




Flow 
(cfs) 


storage 

(ac-ft) 


area 

(acres) 


Flow 

(cfs) 


Req'd. 

storage 

(ac-ft} 


Req'd. 

area 

(acres) 


Flow 
(cfs) 


Req'd. 
storage 

(ac-ft) 


area 
(acres) 


o •-, 


3 


<O01 


0.05 


0.4 


02 


0.08 


0.8 


04 


0.1 


1.0 


1.4 


0.07 


3 


2.5 


2 


04 


4.4 


0.3 


0.8 


1.5 


4.0 


0.3 


0.7 


6.9 


0.6 


' 2 


12 


1.7 


2.1 


2.0 


8.2 


0.8 


1.4 


14 


1.5 


j 5 


25 


3.3 


4.4 


3.0 


28 


3.5 


3.9 


39 


6.2 


6 s 


69 


12 


12 


4.0 


46 


<)h 


8.1 




17.0 


14 


i 40 


30 


25 


Table const 






jartides (settling rate of 0OI on/sec) 











For removal of 20 micron particles (settling rate of 0.06 cm/sec) multiply tabic value* by 0.067 

Source: Pitt. Robcft E. (April 1997) text (or Stormwater Quality Management Through the Use ot Detention Basins - A Short Course on Stotmwater Mention 
Basin Design 3ajres by Integrating Water Quality with Drainage Objectives Minneapolis. Minnesota Unrversity ol Minnesota Continuing Education and Entrrraon 
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Table 330-22. MINIMUM POND SURFACE AREA REQUIREMENTS IN U.S. UNITS (acres) FOR 5 MICRON PARTICLE 
SIZE CONTROL FOR STANDARD RECTANGULAR WEIR WIDTHS 



Weir 
Width 


2.0 ft. 


9.0 ft. 


io.o ft. 


Hud 

(«) 


Flow 

(eft) 




Req'd. 
area 
•><"•'- 


Flow 

(cfl) 


Req'd. 
storage 

(ac-ft) 


Req'd. 
area 

(acres) 


flow 

Icfl) 


Req'd. 

storage 

(ac-ft) 


Req'd. 

area 

tacrei) 


H' 







i .i 


57 


3 


1.0 


I 2 


y; 


- 1 


i 




5 


I 


■ 


: 


2. a 


33 


2.4 








I 


1 b 


29 


3-2 


5.0 


59 


6 3 


■ ■ 


2.0 




2,3 


2 6 


43 


64 


7 a 


90 


13 


in 




24 


5.7 


4 2 


80 


17 


14 




35 


29 




32 


11.0 


5 


I in 


34 




25Q 


n 


43 


Weir 
Width 




11 ft. 






20 ft. 




30 ft. 


Head 

(ft) 


Flow 

(cfl) 


Req'd. 
storage 

(ac-ft) 


Req'd. 

area 

(acres) 


Flow 

(eft) 


Req'd. 
storage 

("-«*) 


Req'd. 
area 

(acres) 


Flow 

(cfs} 


Req'd. 

storage 

(..-ft) 


Req'd. 

area 

(acres! 




1? 


0.B 


3.0 


23 


1.0 


4 1 




1 5 






49 


37 


8 6 


66 


5 1 


12 




7 3 


17 


1 


■'■ 


9 9 


16 


120 


13 


21 


1 ,:i 


20 


32 


j i 


14a 


20 


24 


190 


27 


32 


If.d 


40 


49 


^ i 


250 


54 


■ l-l 


340 


7? 




■ in 


1 10 


K<> 


4.0 


380 


1 Hi 


66 


510 


150 




780 


220 


1 , i 



FjtH> c(»ftiTru(tr*d Inr rrmnvii oi *i mirrnn parttTnM (settlmg n»lr rrf (KM rm/irt) 

Ftv tprrtowAl at 30 mu.-iuft ptirtuLn (urtllmfj, f.*.lr of 06 Lm'ifcJ multiply Idblr ujluti by 



tajfc* Pitt. HiJtiert t lApd tml iff 5larm**lc< OijjJ,^ Manj£emrnt Tftmwgh tttt L/i* oi bet£*iUon Raum - A Viorf Catm** on Srhvmwalpv Ttrtrlttkm 

faith- Oei.^fl f»j ftv ifi^«ti,in IVafcr Oui//l. *W Drwutt Oi^tiVei Mlnnc^polrt, Minnesoti Uniwinity (it MmnrwU Corttinurfifl Ed-Kilicm dnd Extnismr. 



Table 330-23. MINIMUM POND SURFACE AREA REQUIREMENTS IN U.S. UNITS (acres) FOR 5 MICRON PARTICLE 
SIZE CONTROL FOR STANOARD DIAMETER DROP-TUBE STRUCTURES. 



Pipe 
ttta. 


• Inch 


11 inch 


IB inch 


Head 

l«) 


Flow 

fefs) 


Req'd. 
storage 

(«-«) 


Req'd. 

(acres) 


Flow 

(tf.) 


Req'd. 

storage 

(ac-ft) 


Req'd. 

area 

(acres) 


Flew 
(cfs) 


Req'd. 

storage 
(ac-ft) 


Req'd. 
(acres) 






0.02 














0-3 






0.07 














08 


1 5 




ij 1 






0.4 


0.4 


i. 


l-fi 


1 1 










2.2 




















2.2 


0.9 














4 


0.1 


2.2 


13 


04 




3.6 




Pipe 
Dia. 




24 inch 


10 inch 


36 inch 


Head 

(HI 


Flow 

(cfs) 


Req'd. 

storage 

(ac-ft) 


Req'd. 

area 

(acres) 


Flow 

(eft) 


Req'd. 
2.1stora 
go (ac- 
ft) 


Req'd. 

area 

(acres) 


Flow 

(c«s| 


Req'd. 
storage 

{ac-ft) 


Req'd. 
(acres) 


"■■ 


I .. 


07 


0.3 


1.9 


08 


3 


2 


09 


04 


1 


5 6 


4 


1 


6.3 


0.4 


' 




0.5 


1 3 


I 


11 


1 1 




13 


13 


2.3 




1.5 


2.8 


2.0 


14 


2 1 


2.4 


21 


2.8 


3 7 




3 4 


47 


3 


1-1 


4.5 


2.4 


25 


6.9 


4.4 




.... 


73 


■ 1 


1.1 


h'J 


2.4 


25 


1 I 


4 


- 


17 


73 



TatHc comtruncd tor rrnm.il i»l i micron (urt/ckl ((rtljirij t.lr td tl 0CM envm) 

For wntrval of M mtcrnr part* In twrtfrnc .tti» at 06 rm^-KTj multiply uhK* trjrfttrl by 067 



lourc. Pin. Bobm { <»nnl •.•fit) (f.l to. ttormwlrr' OWIIy MtKiprntM ffritHJfnj Inr Uir of Detention Sjtmi ■ * V™t Count an SfomW*. Oelanlmn 
fl«lrn liestgn lUflt.l Ity Inrrgrjfinr rVirfw Qutltty wrtfi l^.irujr Ofvcf.tvLn Minrw.rtp.jit. MjrtnMOU UnrYrfUly of MinrtKfll* "nirvr [: Education and EitpnwMi 



Time-Saver Standards for Landscape Architecture 



330-44 



HAN MOLL 
ACCESS FOR 
MAINTENANCE 



OVERFLOW. TO DRAINAGE SYSTEM. 
DETENTION ROND OK RECEIVING STRLAM 





DIVERSION 
WEIR WALL 


^ — - 

7 


s 

] 

/ 

A 



0UT1ETTO 
FILTERING 
PRACTICE 



OUTLET PICK 
(BEYOND) SIZE 
FOR 10 YEAR 
PEAK FLOW 




WOV ELEVATION 

SET WEK WALL HEIGHT AT 
HEAD REQUIRED TO tA&S 
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HtlV 



TO SAND FILTER 



SECTION 



Figure 330-50. Off-line control structure with diversion. 





SECTION 
BROAD CRESTED WEIR 



CD 

Id 

I 

O 

cn 



RECTANGULAR 
BROAD CRESTED WEIR 



\AN6l F / 

VEE NOTCH WEIR 
(ELEVATION) 



HEAD 



Figure 330-51. Weir flow types and elements 



curb inlet to allow for clogging of grate by 
debris 



9.0 FILTRATION TECHNIQUES 



9.1 Filter Strips 

Filter strips treat water accepted as sheet 
How from surfaces through combined fil- 
tering and ponding (Figure 330-53). The 
ponding portion is designed to hold the 
WQV Filter strip length must be equal to 
the edge of the surface sheeting runoff to 
it. Drainage area is limited by overland 
sheet flow limits of 25 meters (75 ft) for 
pavements and 45 meters (1 50 ft) for per- 
vious surfaces. Table 330-25 gives sizing 
criteria. Storms exceeding WQV are 
bypassed through berm overflow spillways. 

9.2 Sand Filters 

Sand filters are surface or underground 
facilities used to clean runoff water in 
urbanized areas where space is limited (see 
Figure 330-54). They generally consist of 
three chambers. The first chamber is an off- 
line diversion structure to limit sand treat- 
ment to the WQV. The second is a pre- 
treatment chamber to capture sediment 
and floatable trash. The third chamber is 
the sand filter bed. The sand filter bed has 
an 450-600mm (18-24 in) sand layer that 
traps and strains pollutants from stormwa- 
ter before it is collected by an underdrain 
system. Pure sand or a mix of peat and 
sand may be used for filter media. 

The volume of the sand filter chambers 
should be at least 0.75WQV. This volume 
should be split between the pretreatment 
chamber, the volume above the sand bed 
and the volume of voids in the sand bed. The 
pretreatment and sand bed chambers should 
have length to width ratios of 2:1 or greater. 
The overflow weir in the pretreatment 




Figure 3 30-52. Side diversion weir. 
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45 000 mm 
(150') MAX 
FLOW LENGTH 



r LANTED WITH GRASS TOLERANT 
TO FREQUENT INUNDATION 



j i l |=rr 

- uvit 



/ FLOW I 



22 500 mm 

MAX 
FLOW LENGTH 



FILTbK gng_ 



PEA GRAVEL 
UM-HRAI.M 



7 600 mm 
(25"| MIN. 
LENGTH 



MAXIMUM 
PONDING LIMIT 



OVERFLOW 5FULWAY5 



PERVIOUS 
MATERIAL 
BERM 




OUTLET: 
PIPES SPACED 
7 900 mm (20') 

0,C. 



CURB 
STOP 



PARKING LOT 



GRASS FUTER 5TKIP LENGTH 7 600 mm mln (26") 




SHALLOW PONDING LIMIT 





PERVIOUS BERM 
(SANP^GKAVEL MIX) 




SOO-600mm 
(I2-24"] PEA GRAVEL 
DIAPHRAGM 



WATER QUALITY' 
TREATMENT VOLUME 




chamber should be sized for 67 WQV 
peak discharge. The overflow weir in the 
sand chamber should be sized for 0.33 
WQV peak discharge. The area of the sand 
filter bed is found by the formula: 



A = WQV 



(t.)(k)(hf + dO 



Where: 



Ai = surface area of sand bed in 
square meters (ft 2 ) 

di = sand filter bed depth in 
meters (ft) 

k ■ coefficient of permeability 
in meters/day (ft/day) 

ti = time for WQV to filter through 
sand bed (use 40 hrs.) 

h = average height of water 
above sand in meters (ft) hf 

= 0.5h m « 

Use k = 1.05 (3.5) for sand and k = 
0.825 (2.75) for 50-50 mixture of peat and 
sand (pure peat floats). Sand bed is typical- 
ly 0.45 m (1.5 ft) deep, but should not 
exceed 0.6 m (2.0 ft) Sand should be medi- 
um aggregate concrete sand. Peat should 
be loose, clean, shredded Reed Sedge 
Hemic type. 



10,0 INFILTRATION TECHNIQUES 



Figure 330-53. Filter Strip. 
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Figure 330-54, Subsurface Sand Filter. 



10.1 General 

Infiltration techniques counter the addition 
of Impervious surfaces brought by urban- 
ization. They are practical where soil tex- 
tures permit reasonably rapid infiltration 
rates. Soils with saturated infiltration rates 
less than 6.9 mm/hour (0.27 in/hour) are 
not recommended for infiltration tech- 
niques. Table 330-26 shows infiltration 
rates for saturated soils. 

Siting Considerations: 

The bottom of infiltration basins must be at 
least 600 to 1 200 mm (2 to 4 ft) above the 
high water table and at least 900 mm (3 ft) 
above bedrock to prevent pollution of 
groundwater . The edge of infiltration 
basins and beds should be at least 30 
meters (100 ft) from wells, and 3 meters 
(10 ft) from buildings. The bottom of the 
infiltration rock bed should be set below 
the frost line. 

Table 330-27 shows selection criteria for 
infiltration facilities, including drainage area 
and land use. Runoff from potentially con- 
taminated sources (e.g. combined sewer 
overflows, snowmelt from roads and park- 
ing lots, manufacturing or construction 
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Table 330-24. VALUES OF WEIR FLOW COEFFICIENT C w 



e 
£ 

CD 

SP 



CD 

m 

5 

E 

o 
■*-> 

O 

no 
no 



Breadths of crest of weir in meter* (ft) 



Bond, 
H, in 
meters 

m 


0.15 
(0,50) 


0.20 
(0.7S) 


0.30 
(1.00) 


0.45 
|1.S0) 


0.60 
|2.00| 


0.75 

(2.S0) 


0.90 
(1.00) 


1.20 
(4.00] 


1.50 
(5.00) 


3,00 
(10.00) 


4.50 
(1S,00) 


.06 
(0.2) 


.' -.: 


2 75 


2 69 


. ■ . 


, . 


_' i ■ 


2.44 


. 


2.34 


2.49 


2 68 


.12 
(0.4) 




2 80 
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ji i 
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7i 
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-: i ,;- 
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sites) should not be allowed to enter infil- 
tration facilities: 

Infiltration facilities must be located off- 
line. Pre-treatment devices, such as sedi- 
ment forebays, should intercept runoff 
before it is directed into the infiltration 
structure. Sedimentation is the chief cause 
of infiltration facility failure. 

Design Considerations: 

Preliminary design calculations may be based 
on the soil infiltration rates shown in Table 
330-26. Final design of infiltration facilities 
should be based on field infiltration tests con- 
ducted at the elevation of the proposed bot- 
tom of the infiltration basin or bed. 

Infiltration facilities should be designed to 
infiltrate the WQV for the drainage basin 
they serve. Depth is the critical factor con- 
trolling the configuration of volume. The 
depth of infiltration facilities is limited by the 
need to empty it within an allowable maxi- 
mum ponding time, typically 48 to 72 hours. 

Protection During Construction: 

The soil areas used for infiltration must 
be protected during construction to pre- 
vent compaction. Hold final excavation of 
the last 600 mm (2 ft) needed to reach the 
bottom of the infiltration basin or bed until 



Table 330-25. FILTER STRIP DESIGN CRITERIA. 



Parameter 


Criteria 


Size 


Length, depth, width needed to provide surface 
storage for WQV 


Width 


Equal to area draining to filter 


Length 


8 m (25 ft), minimum 


Slope 


2.0% minimum, 6.0% maximum 


Drainage area, pervious surfaces 


Maximum overland flow length 45 m (150 il) 


Drainage area, impervious surfaces 


Ma* in verland fl l<-i igth 25 ni ■: "■■ "I i 



Table 330-26. APPROXIMATE SATURATED INFILTRATION RATES FOR 
DIFFERENT SOIL TEXTURE CLASSE 



t 

Soil texture class 


SCS Hydrologic 
■oil group 


soil infiltration rates 
(in/hri{min/in) (cm/hr)(mi«/em 


Sand 


A 


8.27 


7 ;>'3 


21 ir 


."< 


Loamy Sand 


A 


2.41 


24.9 


6 12 


9.8 


Sandy Loam 


A 


1.02 


58.8 


2.59 


23.2 


Loam 


B 


0.52 


115.4 


1.32 


45.5 


Silt Loam 


B 


0.27 


222.2 


0.69 


87.0 


Sandy Clay Loam 


C 


0.17 


352.9 


0.43 


139.5 


Clay Loam 


D 


0.09 


666.7 


0.23 


260.9 


Silty Clay Loam 


D 


0.06 


1000.0 


0.15 


400.0 


Sandy Clay 


n 


0.05 


1200.0 


13 


461.5 


Silty Clay 


D 


0.04 


1500.0 


0.10 


, ,!.)(, I) 


Clay 


D 


0.02 


30000 


0.05 


1200.0 
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Table 330-27. INFILTRATION TECHNIQUE SELECTION CRITERIA. 







Soil Type and Minim 


rum inriltrat 


on Rate, cm/hr (inches/hour) 




Technique 


2-1.01 
(8.27} 


Loamy 
Sand 
6.12 

<a.4D 


Sandy 
Loam 

2-59 
(1.02) 


Loam 
1.32 

(0.52) 


Silt Loom 
0.69 
(0.27) 


Sandy Clay 
Loam 
0.43 
(0.17) 


Clays 

<0.43 
(<0.17) 


Grassed Swales with 
Check Din". 


I 




• 


■ 


• 






Filter Strips 






* 
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i 


• 




Infiltration Basins 


• 
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• 








Recharge Trenches 


* 
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Bioretention Ponds 
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* 
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inTt rtran on wens 


■ 


* 
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Porous Pavements 
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■ 


• 














Drainage Area Served, 


hectares (acres) 








0-2 
(0-5) 


2-4 

(5-10) 


4-6 

(10-15) 


6-8 
(15-20) 


8*10 
(20-25) 


10-12 
(25-30) 


1 2™20 
(30-S0) 


Grassed Swales with 
Check Dams 


• 


* 


• 


■ 


• 


» 




Filter Stribt 


• 














Infiltration Basins 




* 


■ 


• 


* 


• 


* 


Recharge Trenches 


* 


■ 












Bioretention Ponds 


» 


* 












Infiltration Beds 


■ 


■ 












Infiltration Wells 


* 
















* 
















Other Restrictions 




Ground-water 
Table Depth, 

m (ft) 


Slope in 
Percent 


Min. 
Distance 
to Well, 

m (ft) 


Min. 
Distance 
to 

Building, 
m (ft) 


Buffer 
Requirements, 
m (ft) 


Site 
Constraint 


Normal 
Depth 
Range, m 

m 


Grassed Swales with 
Check Dams 


G 1.2 
<2-4) 


<20 












Filter Strips 


0.6-1 2 
12-4) 


<20 












Infiltration Basins 


0.6-1 2 
(2-4) 


<20 


>30 
(>100) 


■i 

r>ioi 


t 

i - .'in 




0b- 1 5 
(2-5) 


Recharge Trenches 


0.6-1.2 
[2*4) 


<20 


>30 
O100) 


>3 

l>10) 


>6 
(=>20) 




0.6-1.5 
(2-5) 


Bioretention Ponds 


1 8-2 4 
(6-8) 


<20 


>30 

(si 00) 


■ i 

(>10) 


>6 
(>20) 




06-1 5 
(2-5) 


Infiltration Beds 


1.2-1 8 
(4-6) 




>30 
(>100) 


>3 
O10) 


>6 
(>20) 






Infiltration Wells 


0.6 1.2 
(2 4) 


<2Q 
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, . ,;>;, 
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. .J,., 


Residential 
Roof top 


i I 5 
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6 12 

C 1 




>30 
(>100) 


■ 

[-..TO] 


■f: 

[>20J 







after all other site surfaces have been fin- 
ished and erosion control measures are 
established. This prevents the soil structure 
from being plugged with construction 
sediment. 

10,2 Infiltration Basins: 

Infiltration basins are ponds designed to 
"leak" into the underlying soil. These facil- 
ities have a high failure rate and short life if 
not protected by an upstream sedimenta- 



tion basin. Depth is limited by subsurface 
conditions and the infiltration capacity of 
the soil. Maximum depth based on soil 
infiltration is computed by the formula: 



Where 



Dtox = (F)(T P ) 



maximum allowable 
depth based on 
infiltration 



F = infiltration rate of the soil in 
hours 

T P = maximum allowable pond- 
ing time in hours (typically 
72 hours). 

may be further reduced to account 
for any limitations from bedrock or water 
table to arrive at an allowable design depth 
(D). Pond area is found by trial and error, 
holding the design depth constant and 
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Figure 330-55. Recharge trench. 
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Figure 330-56. Bioretention pond. 
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Figure 330-57: Infiltration Bed 
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Figure 330-58: Infiltration Well 

varying pond configuration and area until 
pond volume equals WQV. 

The pond bottom should be essentially 
flat, with no pilot channel. Flow into the 
pond should be distributed with a level 
spreader or fanned by rip-rap to flow even- 
ly across the pond bottom. 

10.3 Recharge Trenches 

A recharge trench is a modern French 
Drain (Figure 330-55). These facilities are 
generally placed off-line and protected by a 
filter strip located upstream. 

Design is approached similarly to deten- 
tion basins by determining the maximum 
allowable depth of the infiltration rock por- 
tion of the trench cross-section. Maximum 
depth based on soil infiltration is computed 
by a modification of the above formula: 

D™, = (F)(^J 

Where V, is the void ratio of the infiltra- 
tion rock. An infiltration rock void ratio of 
0.40 is typically specified. Dm* is further 
reduced as needed to arrive at an allowable 
design depth (D). A trench width (W) is 
assumed to meet site needs and an effec- 
tive cross-sectional void area (A.) is com- 
puted by the formula: 

A. = DWV 

Trench length is then found by dividing 
WQV by A„ 
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The infiltration rock should be complete- 
ly wrapped with filter fabric to prevent sed- 
iment plugging. The top gravel layer is 
replaced as needed to restore inlet capacity. 

10,4 Bioretention Ponds 

The concept of bioretention was developed 
by the Prince George's County. Maryland, 
Department of Environmental Resources for 
use in commercial parking lots, roadsides and 
setback areas. It combines physical filtering 
of runoff with biological processing of runoff 
pollutants. It is similar to an infiltration pond 
but with a deep layer of planting soil mix at 
the bottom (Figure 330-56). Bioretention 
works best with small drainage areas. 

Bioretention ponds should be located 
off-line with overflow provided to remove 
runoff amounts in excess of the WQV 
Pretreatment of off-line flow to the pond 
should consist of a vegetated swale at least 
6 meters (20 ft) long. The bioretention sur- 
face area (At) should be: 

Ai = 0.05AnR, 

Where: 

At = surface area of bioretention 
facility, m 2 (ft') 

A.) = drainage area, m 1 (ft J ) 

Rv = volumetric runoff coeffi- 
cient, small storm 
hydrology method 

Check the volume capacity against that 
required to treat the WQV, by the formula 



At = WQV 
Where- 



(tO(k)(h, + d.) 



A. m surface area of bioretention 
facility, m ; (ft 3 ) 

d- = planting soil depth [1.2 m 
(4.0 ft.)] + sand layer 
[0.3 m (1.0 ft)] 

k = 0.15 m/day (0.5 ft./day) 
(silt loam soil) 

tt = 3 days (time to empty) 

hi ■ 0.1 m (0.25 ft) [h™. 
= 0.15 m (0.5 ft)] 

The infiltration area is planted with 
species simulating a terrestrial forest com- 
munity and mulched. Planting should be 
dominated by canopy trees, but should also 
include understory tree, shrub, and herba- 
ceous ground cover layers. 



10.5 Infiltration Beds 

Infiltration beds are an underground ver- 
sion of the recharge trench (Figure 330- 
57). These facilities are generally placed 
off-line and protected by a forebay and 
diversion located upstream. 

Design is the same as for infiltration 
recharge trenches (refer to subsection 
10.3), except that additional void area is 
introduced into the cross-section area by 
the perforated pipe used to pour water into 
the infiltration rock area. This additional 
void space is incorporated by the formula: 

A, = (DW - A P ) V- + Ap 

Where A,, is the cross section area of the 
perforated pipe. Very large perforated pipe 
sections may be used to provide a more 
space efficient bed cross-section as soil 
depths allow. 

Both the infiltration rock and perforated 
pipe should be completely wrapped with 
filter fabric to prevent sediment plugging. 
The pipe should be placed sloping toward 
the inlet manhole to concentrate any sedi- 
ment where it can easily be removed. 

10.6 Infiltration Wells 

Infiltration wells are used to infiltrate runoff 
irom roof downspouts and other very small 
drainage areas with fairly clean runoff 
(Figure 330-58). Design is essentially the 
same as for a recharge trench or bed. A crit- 
ical design feature is an above ground over- 
flow outlet to prevent water from backing 
up downspouts or damaging the infiltration 
well itself. 

10.7 Porous Asphalt Pavement 

Porous asphalt pavement is basically a 
recharge trench with a porous bituminous 
top layer used instead of gravel. The porous 
pavement is a lean asphalt mix over a sand 
layer. A design guide and specifications for 
porous pavement can be obtained from the 
Asphalt Institute (refer to Section 440: 
Surfacing and Paving, and Section 820: 
Asphalt for further information). Design is 
the same as for a recharge trench. 

Porous pavement is best used where it 
accepts runoff only from porous surfaces 
(grasses, etc.) It should not be used for 
parking areas because contaminants from 
autos move directly into the recharge 
trench. In areas with ice and snow, porous 
pavement should not be used where it is 
subject to tracking of de-icing salts onto 
the pavement surface. 

To keep asphalt pores open, porous 
pavement must be frequently vacuumed. 



330-49 

Areas with porous pavement should be well 
signed to warn against hazards to function. 
Hazards include lawn chemicals in spills and 
runoff, and use of normal asphalt for 
repairs or replacement. 
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INFORMAL. PASTORAL CONTEXT 



t t f t 

URBAN CONTEXT 



Figure 340-1. Spatial modulation. 

Modulation of space can occur both verti- 
cally and horizontally in an informal, pas- 
toral context or an urban context. 




Figure 340-2. Hierarchical ordering 
of outdoor space. Note the relationships 
between (a) primary, (b) secondary, and (c) 
tertiary spaces. 



1.0 INTRODUCTION 



Pedestrian circulation is not easily dis- 
cussed in specific terms because of 
the large differences in purpose 
between various types of systems. Most 
urban pedestrian circulation systems are 
typically perceived and utilized as a func- 
tional device more than as media for aes- 
thetic experiences, a characteristic repre- 
sentative of park systems and other recre- 
ational open spaces. Moreover, because 
pedestrian circulation is an integral part of 
any particular design scheme, it is difficult 
to discuss the subject removed from the 
context in which it plays a role. 

Consequently, this section is limited to a 
"general" discussion of various aspects of 
pedestrian circulation. Specific situations 
may require research beyond the scope of 
this section and decisions based on profes- 
sional judgment. 

1.1 General 

Pedestrian circulation systems fall into two 
broad categories: (1 ) those where the basic 
structure of a system already exists arid (2) 
those where no circulation currently exists. 

With existing systems, projects typically 
involve aesthetic enhancement of the sys- 
tem by provision of various amenities, 
improved views, conveniences, and image- 
ability. This type of work involves improve- 
ment of the "pedestrian experience" as 
much as it involves improvement of the 
functional aspects of the system 

In the case of new systems, circulation 
must first be laid out according to proposed 
origin and destination points and must 
have adequate width to accommodate 
expected loads of pedestrian traffic during 
peak periods of use. Part of this process 
includes studying aesthetic aspects which 
will be carefully integrated with the func- 
tional aspects of the proposed system. 

Additional information on various 
aspects of pedestrian circulation can be 
found in other sections of this handbook, 
including 210: Spatial Standards; 240: 
Outdoor Accessibility; 510: Site Furniture 
and Features; and 540: Outdoor Lighting. 

1.2 The Pedestrian Experience 

Convenience; 

The functional aspect of a pedestrian sys- 
tem is of primary importance, and the qual- 
ity of this functional aspect is measured in 
terms of the "convenience" offered by the 
system. In addition to the obvious require- 
ment of connecting all origin and destina- 



tion points with walkways of adequate 
width, the two factors of orientation and 
negotiation play an important role. 

In terms of orientation, landmark fea- 
tures and visual cues can suggest purpose 
and expected behavior to the pedestrians 
using the system. These may include walk- 
way width (e.g., wider walkways suggest- 
ing greater importance), formality (e.g., 
curvi-linear walkways suggesting a more 
relaxing experience), paving material (e.g., 
expensive or highly articulated materials 
suggesting greater importance), and the 
presence and quality of ancillary features 
(the nature of which may suggest the pre- 
dominant purpose of the walkway). 

Carefully designed visual cues (including 
signage) can aid the pedestrian in way- 
finding and in general orientation within a 
larger environmental context. This is espe- 
cially important in complex environments. 

Negotiation refers to the relative ease of 
moving from one destination to another. 
Pedestrian density, including conflicts at 
intersections and potential gathering spots, 
plays an important role in this regard. But 
other aspects also contribute to difficulty of 
negotiation. These include physical ob- 
structions (e.g.. trash receptacles, light fix- 
tures, flag poles, parking meters, water 
hydrants, telephones, benches, etc.); the 
presence of water or ice on the walkway, 
the nuisance of excessive litter; seed and 
fruit droppings from overhanging vegeta- 
tion; and excessive wind problems. 

Pathways should be accessible to all 
types of pedestrians, and sometimes on a 
selective basis, to emergency vehicles such 
as police cars, ambulances, and firefighting 
equipment. 

Amenities: 

The purpose of any pedestrian circulation 
system is the connection it offers between 
various natural or cultural amenities, 
including the attraction of human activity. 
Social interaction, both passive and active, 
is extremely important and in many cases is 
the primary determinant regarding enjoy- 
ment of a place. 

Because the activity of watching other 
people is appealing to many, spaces to 
gather with ample opportunities to sit are 
crucial to the success of most places, espe- 
cially those in urban contexts. 

It has been observed that the availability 
of food and the activity of eating is a strong 
stimulus which attracts significant numbers 
of people to a place. For this reason, ven- 
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Table 340-1. COMMON SENSORY STIMULI IN PEDESTRIAN ENVIRONMENTS 



Sensory category 



Tactile 



Auditory 



Examples of common stimuli 



Temperature 
Humidity 

Wind and breezes 
Precipitation 
Benches and seatwalls 
Sittabte ground surfaces 
Bars, knobs, and handles 
Handrailings and armresti 
Telephones, vending and 

banking machines 
Textures under foot 
Vegetation within reach 
Water 

Architectural facades 
Food and drink 
Human contact 



Normal traffic noise 
Excessive truck traffic 
Underground rumblings 
Air traffic 

Distant highway noise 
Echo 

Conversation 
Play activity 
Music and song 



Visual 



Professional and amateur 

entertainment 
Wind 
Water 
Wildlife 

Bells, chimes, and whistles 
Wind-blown flags and fabrics 
Movable furniture 
Vendors 
Machinery 

Heating, ventilation, and 

cooling systems 
foot traffic on various pavements 



Spatial perception (form, scale, etc) 
Form of objects 

Proportion and scale of objects 
Social activity 
Vehicular activity 
Prominent landforms 
Vegetation 
Water features 

Miscellaneous natural features 

Sun and shadow 

Rain, snow, fog, mist 

Smoke 

Litter 

Signage 

Storefront advertisements 
Window displays 
Posted bills 
Billboards 



Olfactory 



Walls and fences 

Street furniture and features 

Overhead wires and cables 

Architecture 

Vegetation 

Wildlife 

Overall character of a place 
Sites under construction 
Surface textures 
Color compositions 
Tonal contrasts 
Diurnal change 
Seasonal change 
Moonlight 
Night-lighting 
Clare and albedo 
Viewsheds from important 

vantage points 
General order 
Overall congruencies 



Vehicular emissions 
Odorous smoke 
Fresh air 

Fragrant vegetation 
Restaurant doorways 
Outdoor cafes 
Odorous litter and debris 
Refuse areas 
Exhausl fans 



dors are often encouraged to operate in 
pedestrian environments. 

Spatial Considerations: 

The most comfortable human environ- 
ments are those characterized by a relative- 
ly strong degree of spatial enclosure. It is 
important to remain cognizant not only of 
weak spatial structures in outdoor environ- 
ments but also of the differences between 
transitional space and nodal space 

Because movement through an environ- 
ment is a visual-spatial sequential (kines- 
thetic) experience, the "modulation" of 
transitional space and the "hierarchical 
ordering" of nodal space are important 
design principals. 

Figures 340-1 and 340-2 illustrate these 
two principles in general terms. 

Sensory Stimuli And Related 
Considerations: 

Aesthetic aspects of pedestrian circula- 
tion refer to the myriad of sensory and 
intellectual "experiences" enjoyed by 
pedestrians when moving through various 
environments. Designers should remain 
aware of the many environmental factors 
that contribute to the enjoyment of out- 
door places, providing a richness of experi- 
ence and a depth of meaning to all who 



may enjoy participation in designed or 
managed environments. 

Table 340-1 is a checklist of various sen- 
sory stimuli, some of which are related to 
pleasant experiences and others which are 
unpleasant, and therefore, are normally 
avoided or mitigated. Obviously, a checklist 
of this sort cannot be comprehensive, but it 
does provide a starting point for sensory 
assessment of existing or proposed pedes- 
trian environments. 



2.0 PHYSICAL CHARACTERISTICS 
OF THE PEDESTRIAN 



Basic information on the pedestrian is use- 
ful in instances where spatial standards do 
not exist or where existing spatial standards 
are inapplicable. Reference can be made to 
physical characteristics of the human figure 
itself in order to make rational decisions 
about required spatial dimensions and 
other details of a proposed pedestrian envi- 
ronment 

2.1 Dimensional Criteria 
Human Dimensions and Activity: 

Figure 340-3 illustrates approximate 
dimensions of human figures in various 
activity positions (see Section 210: Spatial 
Standards, for more data). Spatial require- 



ments differ in various regions and 
between different cultures as a function of 
accustomed densities of people, heritage, 
and social and environmental values 

Forward Spatial Bubbles: 

Forward spatial bubbles, as illustrated in 
Figure 340-4, refer to the extent of unob- 
structed forward vision held to be psycho- 
logically comfortable for the average 
pedestrian under various circumstances. As 
mentioned previously, the spatial require- 
ments for psychological comfort will differ 
across regions and cultures. 

This information is useful when calculat- 
ing the amount of clear space necessary to 
accommodate expected numbers of people 
when the intent is to maintain a reasonable 
degree of psychological comfort. 

Use of a mathematical formula to deter- 
mine minimum walkway widths requires 
that a decision be made on an acceptable 
spatial bubble for each walkway being con- 
sidered. Refer to 3.1 in this section for use 
of this formula. 
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Figure 340-3. Human dimensions in 
various activity positions. T/iese 
dimensions are approximate average spa- 
tial requirements which are used primarily 
as an aid to professional judgment, rather 
than as standard criteria. 



2.2 Movement Criteria 
Walking Rates: 

Table 340-2 shows average walking rates 
of adult pedestrians. The average walking 
rate of a pedestrian will decrease as pedes- 
trian density on a walkway increases 
and/or the clear space ahead of the pedes- 
trian becomes less than approximately 4 
500 mm (15 ft). Pedestrian walking rates 
are not significantly affected by grade 
changes of 6 percent or less, but intersec- 
tions, stairways, escalators, and turnstiles 
will slow down movement. 

Refer to 3.1 in this section for informa- 
tion on calculating minimum walkway 
widths based on pedestrian walking rates. 

Acceptable Walking Distances: 

Figure 340-5 illustrates the average range 
of walking distances that people (in the 
United States) are typically willing to walk. 
Acceptable distances will vary from these 
averages depending on the purpose of the 
trip, cultural differences, climactic condi- 
tions, etc.. but these averages give a rough 
idea of the kind of behavior to expect from 



pedestrians in parking lots, or on trips with- 
in their communities. 

Pedestrian Density Criteria: 

Figures 340-6 and 340-7 show pedestrian 
flow volume, speed, and density for walk- 
ways and stairways. This information can 
be used as a visual guide for estimating 
existing or proposed pedestrian traffic vol- 
umes and speed, and for determining min- 
imum walkway widths by use of the math- 
ematical formula given in 3.1 of this section. 

2.3 Visual Criteria 

Eye Levels and Cone of Vision: 

The eye level of an average adult in a 
standing position and a sitting position is 
illustrated in Figure 340-8. Pedestrians will 
focus most of their attention at eye level 
and below during normal perception of 
their surroundings. 

The human cone of vision (i.e., the fixed 
eye) is approximately 30 degrees vertically 
and 60 degrees horizontally, with angles of 
acute vision somewhat less than this, as 
illustrated in Figure 340-9. 

Eye levels and cones of vision are espe- 
cially important in terms of the placement 
and orientation of pedestrian signage, 



Table 340-2. AVERAGE WALKING RATES OF ADULT PEDESTRIANS 



Visual Perception: 

Sense of Spatial Enclosure: An external 
enclosure is most comfortable when its ver- 
tical planes are one-half to one-third as 
high as the width of the space enclosed. If 
the ratio falls below one-fourth, the space 
begins to lack a sense of enclosure (Figure 
340-10). 

Social Communication: For a variety of 
reasons, the scale and form of a space will 
influence pedestrian behavior and the type 
of social communication that may occur 
within that space. Physical distances that 
bring people into close proximity, or sepa- 
rate them, are important design considera- 
tions. Settings meant to be conducive to 
active social communication, or those 
meant to allow a certain degree of privacy, 
require careful thought as to the degree of 
eye contact possible, and probable, within 
the scale and layout of the setting. 

It is helpful to possess a general under- 
standing of the capabilities and limitations 
of normal human vision in terms of social 
communication. Several examples are illus- 
trated in Figure 340-11. 



Type 


rnm/roln 




km/hr 


Average adult 


7B0O0 


260 


43 


Elderly (75 yrs) 


64 500 


215 


A 


Bunching 


60 000 


200 


37 


Stairways (going down) 


45 600 


152 


28 


Stairways (going up) 


33 900 


113 


2 




1 . Spatial bubbles are necessary in calculating accommodations for an expected num- 
ber of people in various situations, with the intent of maintaining psychological 
comfort (Figure 340-4). 

2 The average range of walking distances that people (in the United States) are typi- 
cally willing to walk between activities or from parking areas are subject to variation 
depending on purpose of the trip, climactic conditions, or cultural differences Most 
people are not willing to walk distances greater than about 220 m (700 ft). (Figure 
340-5). 

3. The human cone of vision has approximately a 30 degree vertical range and a 60 
degree horizontal range The eye level (Figure 340-8) of an average adult is 1 525 
mm (5'-2") standing and 1 125 mm (3'-9") sitting. Cones of vision and eye levels 
are important in terms of placement and orientation of pedestrian signage. 

4. An external enclosure is the mosl comfortable when the ratio ot vertical plane to 
horizontal plane is 1:4. If the ratio falls below 1:4, the space begins to lack a sense 
of enclosure (Figure 340-10). 
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Figure 340-4. Forward spatial bubbles. 




Figure 340-S. Range of acceptable walking distances (U.S. cities). Most peo- 
ple are not willing to walk distances greater than about 220 m (700 ft ). 



3.0 SPATIAL STANDARDS 



3.1 Pathway Width and Slope 
Criteria 

General Considerations: 

Widths of pedestrian pathways vary 
depending on the purpose and the existing 
or expected intensity of use. In general, a 
600 mm (24 in) width for each pedestrian 
is necessary, which suggests a minimum 
pathway width of 1 200 mm (4 ft) for pub- 
lic walkways. When pedestrian Hows are 
significant and greater precision required in 
the determination of walkway width, mini- 
mum acceptable widths of a pathway can 
be calculated using the formula given 
below. 

It is important to remember that pedes- 
trians as a group typically do not use the 



entire width of most walkways. The edge 
of a walkway adjacent to a curbed roadway 
(i.e., 750 mm (30 in) from the street edge) 
is avoided by pedestrians, as is the edge of 
a walkway along a building facade (i.e., 
450 to 750 mm (18 to 30 in). These edges 
are used only under conditions of high 
pedestrian density. 

The presence of street furniture and fea- 
tures such as fire hydrants, trees, parking 
meters, telephones, trash receptacles, 
fountains, sculpture, and kiosks also 
reduces the effective width of a pathway 

Calculation of Walkway Width (by 
Formula): 

Minimum width for a pedestrian pathway 
can be determined by mathematical calcu- 
lation as a function of expected pedestrian 
volume, acceptable density, and desirable 



rate of movement. The number of pedestri- 
ans (volume) passing a stationary point on 
a pathway is expressed by unit measure- 
ments of time, such as "pedestrians per 
minute" or "pedestrians per hour " Density 
refers to personal buffer zones, expressed 
in terms of square meter (square feet) per 
pedestrian. Given these criteria, pathway 
widths can be calculated using the standard 
flow theory shown below. 

In this formula, pedestrian volume (V) 
refers to the number of pedestrians that are 
expected to pass any one point on the 
pathway each minute. (Refer to Figures 
340-6 and 340-7 for information on pedes- 
trian flow volumes.) Space modules (M) 
typically range from a minimum of 046 m : 
(5 ft ; ) per person to 3.22 m' (35 ft') or 
greater. (Refer to Figure 340-4 for informa- 
tion on space modules.) Walking speed (S) 
typically averages about 78 000 mm/min 
(260 ft/min), but of course can vary signif- 
icantly depending on the predominant 
activities in the area, the types of pedestri- 
ans, etc. (Refer to Table 340-2 for informa- 
tion on walking speeds.) 

Expected loads of pedestrian traffic are 
determined through observation of similar 
projects in other areas, formal studies, and 
professional )udgment. 

Pathway Width = 

where V =volume, pedestrians/minute 

M a space module, 

m J (ft 3 )/pedestrian 

S = walking speed, 
m (ft)Zminute 

Example calculation: Given volume of 
pedestrians=200/minute, minimum space 
module desired = 1.67 nV /pedestrian (18 
fW, pedestrian walking speed (normal) ■ 
79.25 m/min (260 ft/minute) 

200X 1.67 334 

- = - = 4.22 m 
79.25 79.25 

In this example, the walkway width 
would have to be at least 4 200 mm (13.3 
ft) wide to accommodate the given flow of 
pedestrians. 

Note that this formula can yield answers 
suggesting very narrow walkway widths 
when light pedestrian traffic loads are cal- 
culated Such answers imply that a com- 
mon walkway width of 1 200 mm or 1 500 
mm (4 or 5 ft) would be adequate to 
accommodate the expected traffic load. 
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Figure 340-6. Average flow volume, speed, and density (walkways). 



It Is important to note that this formula 
does not take into account the spatial 
requirements of street furniture, social 
gathering places, or minimal use of walk- 
way edges. If such features or circum- 
stances are involved, then adjustments 
have to be made to the overall width of the 
pathway. Moreover, this formula yields 
minimum (functional) walkway widths, not 
optimal widths based on aesthetic criteria 
Often walkway widths are designed to be 
much greater than necessary for reasons of 
scale, proportion, etc. 

Consequently, this formula is more often 
used as a check against a proposed design 
scheme rather than as a rigid method for 
determining walkway widths. 

Walkway Slope Criteria: 

Figure 340-12 provides longitudinal and 
cross-slope criteria for walkways under var- 
ious circumstances. Longitudinal slope cri- 



teria are based on user abilities and design 
objectives, and cross-slope criteria are 
based on the need for positive drainage, 
depending on paving material Porous 
paving, for instance, does not require as 
much of a cross-slope for drainage as a 
nonporous paving material. 

3.2 Stairways 

Widths: 

Minimum width for public stairways should 
be 1 500 mm (60 in). Minimum width for 
private stairways should be 1 050 mm (42 

in). 

Tread-Riser Ratios: 

Tread -riser ratios are always held constant 
within any particular stairway or set of 
stairways, for ease of ascent or descent, 
and for safety reasons. On rare occasions 
riser heights in stairways will vary (e.g., 



stairways built obliquely into a slope), but 
these are hazardous and should be avoided 
whenever possible. On very gentle slopes 
of 0.5 to 2.0 percent, a stairway can be 
built to slope with the grade rather than 
remain level, in order to keep the bottom 
riser at a constant dimension. In addition, 
or as an alternative, the bottom of stairway 
grade (B.S.) can be warped to maintain a 
constant along the edge of the bottom 
tread. 

Occasionally, tread widths also vary for 
aesthetic reasons and this is generally 
found to be acceptable as long as it is 
understood that ascending or descending 
such stairways, typically referred to as ter- 
raced plazas, is often cumbersome. This is 
generally acceptable because terraced 
plazas are typically used as informal gather- 
ing places rather than purely utilitarian 
transitional spaces. 
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Figure 340-7. Average flow volume, speed, and density (stairways). 
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OBJECT IS DIFFICULT TO 
SEE AS A WHOLE. BUT 
DETAIL CAN BE SEEN 



OBJECT CAN BE SEEN AS A UNIT 




HORIZONTAL CONE OF VI5I0N: 

ANGLE OF MOST ACUTE VISION: 3-5- 
ANGLE OF LESS ACUTE VISION: 8 - IZ 
ANGLE OF COMFORTABLE, LESS DETAILED VISION: 12-60- 




OBJECT 15 DOMINANT IN VISUAL FIELD. BUT IS 
SEEN IN RELATION TO OTHER OBJECTS 




BEVOND THIS PRCF0K1 .ON. AN OBJECT BECOMES ONE ELEMENT OF 
THE GENERAL SCENE UNLESS DISTINCTIVE FEATURES MAKE IT 
STAND OUT 



Figure 340-9. Normal cone of vision. Figure 340-10. 
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In dimensionally unconstrained situa- 
tions, employing a tread-riser ratio is up to 
the discretion of the designer. Choice of a 
ratio will depend on the desired appearance 
and kinesthetic experience. 

In dimensionally constrained situations 
(i.e., where the elevations of both the top 
and the bottom of a stairway, or a set of 
stairways, are given) an appropriate tread - 
riser ratio has to be determined that will 
allow a given number of steps (including 
landings if necessary) to "fit" into the 
space. 

Figure 340-13 is a quick-reference chart 
of typical tread-riser ratios for outdoor 
stairways. As an alternative to tread- riser 
charts, the following formula is commonly 
used to determine acceptable tread-riser 
ratios for outdoor stairways, especially 
when fractions of an inch are involved. 

2R + T = 650 to 675 mm (26 to 27 in) 

where R = riser 
T = tread 



Additional Considerations: 

1 . Outdoor stairways should be made eas- 
ier to ascend and descend than interior 
stairways. People tend to move at 
greater rates outdoors than they do 
indoors. 

2. Inherent to a particular tread-riser ratio 
is the ease at which the stairway can be 
ascended or descended, and conse- 
quently, the sense of rhythm to be 
experienced by the pedestrian. Ideally, 
the kinesthetic character of a stairway 
should be congruent with the character 
of the environment in which the stair- 
way is a part. 

3 Single steps in a walkway are very dan- 
gerous and should never be specified. 
At least two steps, but preferably three, 
should be specified, and their presence 
should be announced conspicuously 
with railings, plantings, or lighting. 

4. Risers for outdoor stairways should be a 
minimum of 115 mm (4.5 in) and a 
maximum of 150 mm (6 in). Under util- 
itarian circumstances a 175 (7 in) riser 



may be considered 
5. Treads should be pitched downgrade 2 
percent for drainage. 

Nosing and Shadow Line Profiles: 
Shadow lines are often included in steps for 
aesthetic reasons, used mainly to give a 
"refined" look to a stairway. They can, 
however, be hazardous if large enough to 
catch the toes of pedestrians. Nosings can 
also catch toes unless they are rounded. 

Figure 340-14 shows various nosing and 
shadow line profiles, some of which are 
potentially hazardous and therefore not 
recommended, particularly in public areas. 
(Refer to Section 240: Outdoor Access- 
ibility, for more information.) 

Height between Landings: 

Height between stairway landings is an 
important criterion for psychological rea- 
sons as well as for reasons of human 
endurance Although many building codes 
state maximum heights of 3 600 mm (12 
ft), lesser heights are recommended. 
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MAXIMUM DISTANCE WHERE A HUMAN FIGURE CAN BE 
RECOGNIZED AS SUCH 



Figure 340-11. Ii 
munication (not to scale). 



In terms of environmental psychology, it 
is known that abrupt changes in ground 
levels, even as little as 300 to 500 mm (1 to 
1-1/2 ft) can decrease incentive to pro- 
ceed. Changes of 1 800 mm (6 ft) or more 
are found to be strongly discouraging. For 
this reason, heights between stair landings 
are best designed so an adult of average 
height standing on one landing can see the 
ground plane of the next higher landing 
(i.e., 1 500 mm (5 ft) or less (Figure 340- 
15). Conversely, height between landings is 
sometimes made to be greater than 1 500 
mm (5 ft) to effectively control sightlines in 
conjunction with other design elements. 



of human vision in terms of social com- 

In terms of human endurance, it should 
be remembered that elderly and handi- 
capped individuals use stairways, and their 
abilities are more limited than the average, 
physically healthy adult. For this reason, all 
changes in elevation should be designed 
with an understanding of the diversity of 
human ability that exists among members 
of the population. (Refer to Section 240: 
Outdoor Accessibility, for more information 
on the abilities of elderly and handicapped 
individuals.) 

Figure 340-15 summarizes several 
important considerations for the design of 
outdoor stairways and landings. 



3.3 Ramps 

Widths: 

Ramp widths are determined according to 
the type and intensity of use. One-way 
travel requires a minimum width of 900 
mm (3 ft) clear, whereas two-way travel 
requires a clear minimum width of 1 500 
mm (5 ft) (Figure 340-16). If turns occur at 
landings, adequate space for maneuvering 
wheelchairs must be provided. (Refer to the 
Americans with Disabilities Act Accessibility 
Guidelines (ADAAG) for a comprehensive 
compilation of dimensional criteria and to 
state and local codes.) 

Slope Criteria: 

Ramp slopes should be no greater than 
1:12 or 8.33 percent (Figure 340-12). Curb 
cuts are an exception, 1:8 or 12 percent 
being acceptable if the running distance is 
less than 900 mm (3 ft). 

Distance between Landings: 

Landings should be provided within every 9 
000 mm (30 ft) or less of ramp length 
(Figure 340-16). 

3.4 Seating Criteria 

Benches should be designed to ensure 
greatest comfort for the individual Figure 
340-17 illustrates preferred height and 
seating angle for outdoor benches. (Refer 
to Section 510: Site Furniture.) 

Seat walls are typically 400 to 450 mm 
(16 to 18 in) wide and between 400 to 450 
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Figure 340-13. Quick reference chart 

of typical tread-risen ratios for outdoor 
stairways in mm (ft). Check state codes 
where applicable. 



ed off or turned under for safety reasons. 
This detail is especially important for indi- 
viduals with impaired vision. (Refer to 
ADAAC for more information.) 

Additional Considerations; 
1 Handrailings on both sides of a stairway 
or ramp are important because some 
people have one-sided strength. 

2. Extra-wide stairways should have cen- 
ter railings for greater convenience. 
Handrailings should be no more than 
6 000 mm (20 ft) apart 

3. Railings should continue across interme- 
diate landings. 

4. Railings should be capable of support- 
ing 1 14 kg (250 lbs) of weight. 

5. Handrailings for children, at a lower 
height than that specified for adults, are 
sometimes advisable and are also useful 
on ramps for individuals who use 
wheelchairs. 

3.6 Pedestrian Signage 

Design and placement of signs for use by 
pedestrians involves consideration of visual 
field, scale of letters, proportion of letters, 
and contrast between letters and back- 
ground (Figures 340-20 and 340-21). 
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mm (14 and 18 in) in height, 400 mm (16 
in) being most preferred. Refer to Section 
931: Seating Walls, in this handbook for 
examples of seating wall details. 

3.5 Handrailings 

Handrailings are important on all stairways 
and ramps, and should allow a secure and 
comfortable grip for maximum support 
(Figure 340-18). 

Hand railing heights for outdoor stair- 
ways and ramps typically range from 750 
to 850 mm (30 to 34 in) (Figure 340-19). 
Municipal codes should always be checked 
to ensure conformance of proposed 
heights. The ends of railings should extend 
beyond the top and bottom step by 300 to 
450 mm (12 to 18 in) and should be round- 
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THESE PROFILES CAN fJE HAZARDOUS 



Figure 340-14. Typical nosing and shadow line profiles. Check state codes where 
applicable. 
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1 . Minimum width for a pedestrian 
pathway can be determined by 
mathematical calculation as a func- 
tion of expected pedestrian vol- 
ume(V), acceptable density(M), and 
desirable rate of movement(S). 
Therefore, pathway width = 
V(M)/S. 

2 Minimum width for stairways 
should be 1 500 mm (60 in) for pub- 
lic spaces and 1 050 mm (42 in) for 
private spaces. 

3 Recommended tread-riser ratios for 
outdoor stairways can be calcu- 
lated using the formula 2R(riser) + 
T(tread) = 650 to 675 mm (26 to 27 
in). Risers for outdoor stairways 
should be a minimum of 115 mm 
(4.5 in) and a maximum of 150 mm 
(6 in). Under utilitarian circum- 
stances a maximum 175 (7 in) riser 
may be considered. 

4. Landings should be provided every 
9 000 mm (30 ft) or less of ramp 
length. Heights between stair land- 
ings should be a maximum of 1 500 
mm (5 ft) to allow an avt-rage adult 
standing on one landing to see the 
ground plane of the next higher 
landing. 

5 Ramp slopes should be no greater 
than 1:12 or 8.33% (Figure 340- 
12). Curb cuts may be 1:8 or 12% if 
the run is less than 900 mm (3 ft) 

6. Seatwalls are typically 400 to 450 
mm (16 to 18 in) wide and between 
350 and 450 mm (14 and 18 in) In 
height. 

7 Handrailing heights for outdoor 
stairway and ramps typically range 
from 750 to 850 mm (30 to 34 in) 
The railing ends should extend 
beyond the top and bottom step by 
300 to 450 mm (12 to 18 in). 



A MINIMUM OF TWO STEP'S SHOULD A I 5O0MM (5') LENGTH LANDING IS A 

BE PROVIDED TYPICAL MINIMUM 

LONGER LANDINGS ARE TYPICALLY 
MULTIPLES OF I BOO MM (B'). I.E. 
I SOD (5'J. 3 000 (10 ). 4 500 (IB 1 ). 
ETC. 

THE HEIGHT BETWEEN LANDINGS 
SHOULD BE KEPT TO A MAXIMUM OF 1 
BOOMM (B'J TO ALLOW A HEW OF THE 
NEXT HIGHER LANDING 



THREE STEPS ARE PREFERRED TO 
ENSURE CLEAR LEGIBILITY OF THE 
GRADE CHANGE 

LANDINGS SHOULD BE LONG 
ENOUGH TO ALLOW AN EASY 
CADENCE WITH A MINIMUM OF THREE 
STRIDES ON THE LANDING 



HEIGHTS GREATER THAN I 500 MM 
(B 1 ) ARE PSYCHOLOGICALLY LESS 
INVITING 

WHERE THIS IS NOT POSSIBLE. A MINI- 
MUM OF ONE (!) LANDING FOR EVERY 
TWENTY (20) TREADS IS RECOM- 
MENDED TO MINIMIZE FATIGUE 




NOTE THAT THE "MULTIPLE OF FIVE" RULE 
FOR 5TAIRWAY LANDINGS ALLOWS AN 
ALTERATION BETWEEN LEFT AND RIGHT 
FOOT WHEN STEPPING ONTO AND THEN 
OFF A LANDING 



Figure 340-15. 

where applicable. 



Stairway height and landing proportions. Check state codes 




HANDRAILINGS 

40 MM (IB") MIN. DIAMETER 

40 MM (t_B") MIN. DISTANCE FROM WALL 



300 («") MIN. 

EXTENSION OF HANDRAILINGS 



1 500 (6-) 

CLEAR 
WIDTH MIN. 



Figure 340-16. Dimensional criteria for two-way handicap ramp. Minimum 
clear width for one-way travel is 900 mm (36 in.). Check state codes where applicable. 
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BASELINE 



Figure 340-17. Preferred height and seating angle for outdoor benches. 

Dimensions shown are for optional double- and single-bench contour. 
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Figure 340-18. Preferred hand railing profiles. 
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125/800 mm (5716") TO 150/ 337 (6"/13.B") 


HANPRAIUNG HEIGHTS FOR RAMPS: 800 to 650 mm (2' - 8" to 2' - 10") 
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Figure 340-19. Handrailing heights for exterior stairs and ramps. 
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Effective viewing distance not more than 
47 m (155 ft) 



Effective viewing distance not le 
than 6 m (20 ft) 



Figure 340-20. Pedestrian signage criteria. 
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Figure 340-21. Minimum legibility 
for capital letter height for pedestri- 
an signage. Under normal daylight condi- 
tions with an angular distortion of 
degrees, approximately 15rn/25m of capi- 
tal letter height can be taken as a guideline 
for minimal legibility. 
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1.0 INTRODUCTION 
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The increasing use of bicycles in the 
United States makes it imperative to 
design bicycle facilities with fewer 
conflicts between such systems and other 
modes of travel. 

Such improved systems are normally 
found in the form of a bikeway, defined as 
"any road, path, or way, which in some 
manner is specifically designated as being 
open to bicycle travel, regardless of 
whether such facilities are designated for 
the exclusive use of bicycles or are to be 
shared with other modes of tra nsportation " 
(American Association of State Highway 
and Transportation Officials). 

To design quality bicycle facilities, an 
understanding of bicyclists and their objec- 
tives is important. 



2.0 TYPES OF USERS 



2.1 Bicyclists 

Bicyclists fall into two major categories: 

1. The recreational bicyclist, who uses 
the bicycle for pleasure or exercise 

2. The functional bicyclist, who uses the 
bicycle as an alternative form of 
transportation to school, to work, or 
to shop 

Most bicyclists use a bicycle for both 
functional and recreational reasons. 
Bikeways must be designed to accord with 
a corridor's existing characteristics rather 
than with narrowly defined user traits or 
purposes. 

Minimum standards must be empha- 
sized to accommodate a full range of user 
types while optimizing safety for all. 

2.2 Mountain Bikes 

Although the primary focus of this section 
is the design of facilities for touring bicy- 
cles, the use of mountain bikes is increas- 
ingly popular. Mountain biking typically 
occurs on all trail systems, and the integra- 
tion of biking into existing trail systems is a 
challenge for providers around the country. 



3.0 PRIMARY TYPES OF BIKEWAYS 



The American Association of State 
Highway and Transportation Officials 
(AASHTO) classifies four primary types of 
bikeways. These are described below. 




SEPARATED RIGHT-OF-WAY 



Figure 341-1. Bicycle path. 




PAVEMENT MARKING 



DESIGNATED RIGHT-OF-WAY 



Figure 341-2. Bicycle lane. 
3.1 Bicycle Path 

Bicycle path refers to a facility separated 
from motor traffic by an open space or bar- 
rier either within the road right-of-way or 



an independent right-of-way, and for the 
primary use of bicycles (Figure 341-1). 



There are four primary types of bikeways which are designed to accommodate the 
recreational and functional needs of bicyclists. 

1 Bicycle path: Ideal with dedicated right-of-way and separate furnishings, 2 400- 
3 600 mm (8-12 ft) mm. 

2. Bicycle lane: Part of road but separated by markings or textured strip, 1 500- 
1 800 mm (5-6 ft) min 

3 Wide outside lane: Less desirable, but common, 4 200 mm (14 ft) min. 

4 Shared roadway: Common, but has highest potential for conflict with autos, 
1 500-1 BOO mm (5-6 ft) mm 
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3.2 Bicycle Lane 

Bicycle lane refers to a portion of a roadway 
which has been designated by striping, 
signing, and pavement markings for prefer- 
ential or exclusive use by bicyclists (Figure 
341-2). 

3.3 Wide Outside Lane 

Wider right-most through traffic lanes, 
(usually 4 200 mm (14 ft) min.) to allow the 
bicyclist and motorist to share the same 
lane with minimal conflict and no adverse 
effects on traffic flow. 

3.4 Shared Roadway 

Shared roadway refers to a right-of-way 
designated by signs or permanent markings 
as a bicycle route, but which is also shared 
with pedestrians and motorists (Figure 341 - 
3). 



4.0 ROUTE SELECTION 
AND PLANNING 



The selection and planning of a bikeway 
route depends on a combination of several 
factors: (1) bicycle traffic generators, (2) 
scenic and recreational amenities, (3) conti- 
nuity, (4) terrain, (5) adequate space, and 
(6) negative factors. 

4.1 Bicycle Traffic Generators 

An estimated range of 5 to 10 km (3 to 6 
mi) covers most recreational and functional 
bicycle trips. These can be identified with a 
specific traffic generator including: 

1 . Residential concentrations 

2. Schools 

3. Parks and recreational facilities 

4. Community activity centers 

5. Employment concentrations 

6. Shopping and commercial centers 

NOTE: For most types of trips in urban areas 
of up to 8 km (5 mi), the bicycle and the 
motor vehicle require about the same travel 
time. 

4.2 Scenic and Recreational 
Amenities 

The value of a bikeway as an amenity is 
enhanced by its close proximity and con- 
nection to parks or other scenic and recre- 
ational attractions. The most varied and 
attractive routes will be used most often. 




Figure 341-4. Maximum uphill grades. 

4.3 Terrain accepted maximum uphill grades (based on 

length of grade). 

Studies indicate that if gradients exceed 5 
percent there will be a sharp drop in the 
length of uphill grade that bicyclists will tol- 
erate. Figure 341-4 illustrates commonly 



e Selection 



Proper route selection requires: 

1. Identification of traffic generators and anticipated user types within a 5-10 km (3-6 
mi) circuit, 

2. Linking scenic and recreational potential of multi-use route to secure broad user 
interest. 

3. Mapping and inspecting physical route conditions to determine: 

a. Extent of uphill grades to stay within acceptable gradient/distance ratios. 

b. Potential for uninterrupted and direct pathways to encourage frequent use. 
c Available widths to allow for proper setbacks for signs, lights, benches, etc. 

(Refer to Figure 341-5). 
d. Obstacles and negative contextual physical factors, including adjacent structures 
or transportation mode conflicts 
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Figure 341-5. Widths of bike ways. 
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Figure 341-6. Minimum sight/stopping distances 
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fY) Figure 341-7. Sight/stopping distances for crest vertical curves. 



4.4 Continuity 

Continuity is important to assure a relative- 
ly direct trip and continuous path without 
excessive out-of-the-way travel (which 
tends to discourage use). 

4.5 Width of Bikeways 

Factors to consider when determining 
widths for bikeways must include: 

1. The spatial dimensions of bicyclist and 
bicycle 

2. Maneuvering space required for bal- 
ancing 

3 Additional clearances required to 
avoid obstacles (Figure 341-5) 

4. Anticipated volumes of traffic 

NOTE: Designers should assume that in 
many cases two-way travel will occur on 
separated bicycle paths, regardless of design 
intentions. Appropriate widths should be 
provided. 

4.6 Negative Factors 

Factors that negatively influence the selec- 
tion of a route for a bikeway include phys- 
ical obstacles such as elevated embank- 
ments, freeways and interchanges, busy 
arterials, and potential conflicts with other 
modes of travel 



5.0 DESIGN CRITERIA 



Minimum levels of safety can be provided 
by carefully considering bicycle speed, 
sight/stopping distances, curve radii, inter- 
section design, widths, surfacing, and pro- 
tection from hazards. 

5.1 Bicycle Speed 

Design speed refers to the speed for which 
a bicycle path is designed. A design speed 
should be chosen that is at least as fast as 
the preferred speed of the faster bicyclists. 
In general, a minimum design speed of 32 
km/h (20 mph) should be used. However, 
when downhill grades exceed 4 percent or 
where strong tail winds often exist, a high- 
er minimum design speed of 48 km/h (30 
mph) may be advisable. On unpaved sur- 
faces, a lower minimum design speed can 
be used. 

5.2 Sight/Stopping Distance 

Sight/stopping distance is the physical dis- 
tance required for a bicyclist to see an 
obstruction and come to a complete stop. 
Figure 341-6 shows minimum sight/stop- 
ping distances for various design speeds 
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Figure 341-8. Lateral clearances on horizontal curves. 




SUPERELEVATION: 2% MAXIMUM 



Figure 341-9.Superelevation and curve widening. These two devices help bicy- 
cles negotiate small-radii curves. 



and grades based on a total perception and 
brake reaction time of 2.5 seconds and a 
coefficient of friction of 0.25, to account 
for the poor wet-surface braking character- 
istics of most bicycles. 

Figure 341-7 is used to select the mini- 
mum length of vertical curve necessary to 
provide minimum sight/stopping distances 
at various speeds on crests. The eye height 
of the average bicyclist is assumed to be 1 
350 mm (4-1/2 ft> and the height of the 
perceived object is assumed to be zero. 

Figure 341-8 shows the minimum clear- 
ance that should be used for line-of -sight 
obstructions on horizontal curves The 
desired lateral clearance is obtained by 
entering Figure 341-8 with the sight/stop- 
ping distance from Figure 341-6 and the 
proposed horizontal radius of curvature. 

NOTE: To avoid head-on bicycle accidents, 
lateral clearances on horizontal curves 
should be calculated based on the sum of 
the sight/stopping distances for bicyclists 
traveling in opposite direction around the 
curve. Where this is not possible, considera- 
tion should be given to widening the path 
through the curve, installing a yellow center 
stripe, and installing a CURVE AHEAD warn- 
ing sign. 

5.3 Curve Radii 

General: 

The design speed chosen determines the 
appropriate curve radii. If bikeways are part 
of a motor vehicle roadway, then no 
changes in radii are needed. If separate 
facilities are planned, then the curves 
should be designed to allow unbraked turns 
at a prescribed design speed 

Minimum Curve Radii for Unbralted 
Turns: 

Minimum curve radii for unbraked turns are 
based on the bicycle speed, the rate of 
superelevation, and the coefficient of fric- 
tion between bicycle tire and pavement 

Minimum curve radii for bikeways can 
be derived from the following formula. A 
superelevation rate of 2% should be used 
to provide adequate drainage of the sur- 
face and accommodate handicap accessi- 
bility. Greater rates of superelevation may 
be used in unique circumstances where 
tighter radii are required However, superel- 
evation rates should not exceed a maxi- 
mum of 0.05 m/m (0.05 ft/ft). 

R _ W 

15(e + f) where, 



R = minimum radius of curvature, mm 
(ft) 

V = design speed, km/h (mph) 

e = superelevation, 2% max. 

f = coefficient of friction (varies from 
17 to 0.27) 

NOTE: This formula is for paved surfaces 
only. Friction factors for unpaved surfaces 
would be less than half of those for paved 
surfaces. 

Avoid short-radius curves at the bottom 
of a long grade. Widening the bikeway at 
short-radius curves is recommended to com- 
pensate for the increased operating space 
required by a bicyclist leaning through a 
curve (Figure 341-9). 



5.4 Intersections 

Conflicts at Intersections: 

A large share of bicycle-related accidents 
occur at intersections of streets and bike- 
ways because of the confused comingling 
of bicycles, motor vehicles, and pedestri- 
ans. Major problems occur from the follow- 
ing conditions: 

1 Bicyclists turning left across traffic 

2. Bicyclists crossing an intersection 
when vehicular traffic is entering 
from or turning to the right 

3. Failure to yield by both bicyclists and 
motorists 
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Figure 341-10. Intersection conflict points for left turning bicyclists. 
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Figure 341-11. Problem of left turning bicyclists. If auto traffic is moderate to 
heavy, bicyclists can turn left, flowing with the traffic. 



Bikeway design Is based upon (he following safety issues: 

1. Designated design speed, typically 32 km/h {20 mph). up to 48 km/h (30 mph) for 
sustained down hill runs. 

2. Sight/stopping distance and related clearances may require path widening at hori- 
zontal curves, and markings at intersections and some vertical curve crests. 

3. Curve radii range from 28 500-165 500 mm (95-565 ft) depending on design 
speed, and superelevation rates range from 1,0-2.0%, depending on speed, radius, 
and climate. 

4. Potential conflicts at intersections/crossings due to turns across traffic by both 
cyclists and motorists. 



The types of problems encountered in 
these three situations vary with the type of 
bikeway. Intersection problems are nonex- 
istent with bicycle paths by virtue of their 
complete separation from vehicular traffic. 
The intersection problems of a bicycle lane 
and of a wide outside lane or a shared 
roadway are similar. Bicycle lanes represent 
the most complex set of intersection prob- 
lems because all three of the above-listed 
problems are involved and solutions to con- 
flicts between motorists and bicyclists are 
expected, given the obvious demarcation 
of their separate domains. 

Conflict points and solutions for each 
problem are described below 

Bicyclists Turning Left across Traffic: 

There are several ways for bicyclists to turn 
left across vehicular traffic, each one posing 
serious hazards to the rider. Figure 341-10 
illustrates the many intersection conflict 
points that exist when a bicyclist turns left 
across traffic. 

Path A in Figure 341-10 shows the bicy- 
clist leaving the bikeway lane on the far 
right and. like a motor vehicle, moving to 
the center lane position to execute a left 
turn. This alternative accepts the estab- 
lished desires of bicyclists to be treated as 
vehicle operators rather than as pedestri- 
ans, but it exposes the bicyclists to side- 
swipes and to the failure of automobiles 
going in either direction to yield the right- 
of-way. Many bicyclists nevertheless 
choose this alternative unless a different 
route is mandated. 

Path B in Figure 341-10 shows the bicy- 
clist crossing the intersection In the right 
lane and, when traffic allows, executing a 
90-degree left turn across the street. This 
alternative is considered contrary to the 
established desires of bicyclists to be treat- 
ed as vehicle operators rather than as 
pedestrians, and it may be slightly confus- 
ing to motorists because the bicyclist is 
behaving neither like a motorist nor like a 
pedestrian. This solution presents several 
hazards from through-traveling vehicles as 
well as from vehicles turning in front of the 
bicyclist. A less confusing system is one that 
calls for the bicyclist to walk the bike across 
both streets, precisely like a pedestrian, but 
some bicyclists may object to such an 
inconvenience. 

Path C in Figure 341-10 shows the bicy- 
clist weaving across the approach street 
and, at the first gap in the traffic, proceed- 
ing wrong-way through the intersection. 
This approach is considered very danger- 
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Figure 341-12. Problem of left- 
turning bicyclists. When auto traffic is 
moderate to heavy, bicyclists often stop 
at far corner and wait for a break in 
traffic. 
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Figure 341-13. Problem of left- 
turning bicyclists. If auto traffic is very 
heavy, some bicyclists may choose to 
walk titeir bicycles with pedestrians 




Figure 341-14. Intersection conflict 
points. When vehicular traffic is entering 
from or turning right. 
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ous and it should be discouraged or pre- 
vented whenever possible. 

Figures 341-11, 341-12, and 341-13 
illustrate three common solutions to the 
problem of left-turning bicyclists. 

Vehicular Traffic Entering from or Turning 
to the Right: 

A serious problem exists where there are 
designated vehicular right-turn lanes which 
force motor vehicles into the bikeway in 
bike lane and shared roadway conditions. 
Many motorists do not see bicyclists com- 
ing from the rear either because they are 
preoccupied with other motor vehicles or 
because of the blind spot to the right rear 
of most automobiles. Also, most motorists 
are not accustomed to looking for bicyclists 
on roadways, and some are simply reluc- 



tant to grant the right-of-way to bicyclists. 
Figures 341-14 and 341-15 show intersec- 
tion conflict points for this situation. 

If auto traffic on cross-streets is moder- 
ate to heavy, a possible solution to the 
problem is to make the right-turn lanes 
extra wide to give bicyclists the opportuni- 
ty to maneuver around the turning vehicles 
(Figure 341-16). This kind of open-field 
approach is replete with user uncertainty 
and inherent danger. Signs should always 
be used to alert right- turning motorists to 
bicyclists on their right. Figures 341 -1 7 and 
341-18 show possible solutions to the 
problem for roadways with indented right- 
turn lanes. 

If the auto traffic on cross-streets is light, 
the bikeway lanes might better continue 



Figure 341-15. Intersection conflict 
points. When vehicular traffic is entering 
from or turning right (indented right-turn 
lanes). 



Figure 341-16. Problem of entering 
or right turning auto traffic. One 

alternative is to widen the right lane to 
give bicyclists the opportunity to maneu- 
ver around right-turning auto traffic. 



straight through the intersection, as shown 
in Figure 341-19. 

Midblock Crossings: 

An at-grade crossing could be used when 
bike paths or bike lanes must cross a road- 
way with relatively light traffic at midblock 
It should be made to intersect the roadway 
as close to a right angle as possible so that 
the bicyclists will be able to see the oncom- 
ing traffic in both directions (Figure 341- 
20). It is also usually appropriate to STOP 
the bicycle traffic in deference to the motor 
traffic. Overpasses or underpasses should 
be considered if these bikeways have to 
cross more heavily traveled roadways. 
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Figure 341-17. Problem of entering 
or right turning auto traffic. In this 
instance, it is primarily the responsibility 
of the bicyclist to understand the inherent 
danger at the major conflict point 
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Figure 341-18. Problem of entering 
or right turning auto traffic. This alter- 
native usually requires that the bicyclist 
stop at the maior conflict point and wait 
for a break in right-turning traffic, and 
should be avoided. 




Freeway Ramp Crossings: 

Bicyclists should be encouraged to cross 
intersections early enough to be easily seen 
by exiting vehicles where bikeways follow 
highways or freeways with off ramps 
(Figure 341-21) 

Underpasses and Overpasses: 

Ramp grades for either underpasses or 
overpasses should preferably be no steeper 
than 5 percent. The approach to the under- 



pass or overpass should be visually obvious 
and should provide the easiest and safest 
alternative to crossing the roadway (Figure 
341-22). 

Curb Ramps: 

A ramped curb should be provided when a 
bikeway encounters a roadway curb 
(Figure 341-23). These structures also per- 
mit crossings by wheelchairs, baby car- 
riages, etc. The maximum running grade 



should not be greater than 1 :12, or about 8 
percent. (Refer to Section 240: Access and 
Egress: Outdoor Standards, and Section 
241: Access and Egress: Architectural and 
Transportation Guidelines, for more infor- 
mation.) 



6.0 DESIGN ELEMENTS 



Design elements may be grouped into 
three categories: 1. Pavement materials 
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Figure 341-19. Problem of entering 
or right turning auto traffic, tf auto 
traffic is light, bicycle traffic can continue 
straight through the intersection and 
should be treated as a vehicle. 
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Figure 341-20. Midblock intersec- 
tion. The bikeway should cross the road- 
way as close to right angles as possible. 
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Figure 341-21. Freeway ramp cross- 
ings. Bikeways should cross freeway 
ramps early enough to be seen by right- 
turning traffic. 
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Figure 341-22. Underpass and overpass. 



and associated requirements, 2 Path sup- 
port structures for safety, comfort. ,md util- 
ity, and 3. Path defining elements for gen- 
eral aesthetic and cultural appropriateness. 

6.1 Paving and Surfacing 

Some types of bikeways share the pave- 
ment of an existing roadway, and construc- 
tion considerations are specific to vehicular 
traffic. However, if a street or shoulder is 
widened or a separate bikeway is con- 
structed, the pavement should be a 
smooth, nonslick surface and have a thick- 
ness capable of supporting normal-size 
maintenance vehicles. 

This section does not include detailed 
information about the construction of 
pavements for bicycle routes. However, the 
following notes on various pavement mate- 
rials are offered as a general overview, and 
references to other appropriate sections are 
given 

Asphalt: 

Hot-mix asphalt is the most popular paving 
material used for bikeways (Refer to 
Section 820: Asphalt, for more informa- 
tion.) 

Concrete: 

Concrete is the second most frequently 
used paving material for bikeways The fin- 
ish should be lightly textured to prevent 
slipperiness when wet. Unless sawed joints 
are used, conventional contraction and 
construction joints in the pavement cause 
rhythmic bumps which are annoying to 
some riders. (Refer to Section 830: 
Concrete, for more information.) 

Soil Cement: 

Soil cement is occasionally used tor bike- 
ways, although it will deteriorate much 
sooner than either asphalt or concrete. If 



deterioration occurs, a seal coat of bitumi- 
nous asphalt or asphaltic concrete can be 
applied. (Refer to Sections 810: Soils and 
Aggregates, 820: Asphalt, and 830: 
Concrete, for more information.) 

Stone Chip Aggregate: 

Stone chip aggregate is most useful when 
the bikeway is to be used primarily for 
recreational purposes. This material creates 
fewer drainage problems than the other 
types of paving, although it requires struc- 
tural edging (e.g., wood, metal, or plastic) 
to contain the aggregate. (Refer to Section 
810: Soils and Aggregates, for more infor- 
mation.) 

Stabilized Earth: 

Stabilized earth is perhaps the least expen- 
sive way to create a paved surface for a 
bikeway. However, it is also the least 
durable and requires the most maintenance 
to keep it in good condition. (Refer to 
Sections 810: Soils and Aggregates, and 
440: Surfacing and Paving, for more infor- 
mation.) 

6.2 Drainage of Bikeway Surfaces 

Bikeway surfaces should be pitched at least 
2 percent (depending on the texture and 
composition of the surfacing material) to 
provide positive drainage. (Refer to 
Sections 320: Grading Techniques, and 
330: Site Drainage, for more information.) 

Continuous curbing should be interrupt- 
ed intermittently to allow for drainage of 
the bikeway and any adjacent hard sur- 
faces. Surface dram inlets should be pro- 
vided if the curbs are not interrupted. 
Drainage grates with slots running parallel 
to the line of bicycle travel can catch bicy- 
cle wheels, damaging rims and causing 
accidents (Figure 341-24). Some communi- 
ties solve the problem by temporarily weld- 
ing transverse bars over existing grates, but 




Figure 341-23. Curb ramp. 

snowplows may destroy these. Transverse 
(or angled) bar or honeycomb grates are 
preferred Most bicyclists will avoid riding 
over almost any type of grate. Drainage 
grates narrow the effective width of a bike- 
way and may cause riders to swerve into 
traffic or other bicyclists. They should be 
designed and located to minimize danger 
to bicyclists and avoided where possible. 

6.3 Information Systems 

Nearly all signs and markings placed on 
public streets and highways for the benefit 
of the motorist also apply to the bicyclist. 

Traffic Control Devices: 

Basic principles governing the design and 
use of traffic control devices are set forth in 
the 1988 Manual on Uniform Traffic 
Control Devices (MUTCD) (pt. 9: Bicycle 
Facilities), produced by the U.S. 
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Figure 341-24. Hazards of drainage grates. 
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Department of Transportation. This source 
identifies five basic requirements that a 
traffic control device should meet to be 
effective; it should: 

1. Fulfill a need 

2. Command attention 

3. Convey a clear, simple meaning 

4. Command respect of road users 

5. Provide adequate time for response 

Standards of design, placement, opera- 
tion maintenance, and uniformity have 
been carefully developed to meet these 
requirements. Care should be taken not to 
employ a special treatment when a stan- 
dard treatment will serve the purpose. 

NOTF: In the United States, the MUTCD can 
often be found in local and state highway 
engineering offices. 

Types of Signage: 

Signs are categorized into three basic types: 
(1) regulatory, (2) warning, and (3) guide 

Regulatory signs inform users of traffic 
laws and regulations governing move- 
ments, parking, speeds, etc., and indicate 
rules that would otherwise not be appar- 
ent, such as MOTOR VEHICLES PROHIB- 
ITED, NO PARKING, or BICYCLES ONLY. 

Warning signs call the user's attention to 
potentially hazardous conditions and 
should be placed sufficiently in advance of 
the hazard to allow for responsive action. 
The BIKE-X-ING warning, for example, is 
used to alert motorists to places where a 
bikeway crosses a street or roadway, Other 
examples include BUMP, PAVEMENT 
ENDS, DIP. ROAD NARROWS, and NAR- 
ROW BRIDGE. 



Guide signs provide roadside informa- 
tion to orient and assist users geographical- 
ly. Typically, guide signs are of most use to 
bicyclists who are unfamiliar with the lay- 
out of an area or facility. Standard guide 
signs include the BIKE ROUTE sign, supple- 
mentary plates such as BEGIN or END, and 
directional plates with a variety of arrow 
designations. 

Placement of Signs: 

Guide signs, such as BIKE ROUTE and 
supplemental plates, should be placed 
where a route begins, ends, changes direc- 
tion, or intersects with other bikeways. 
Intermediate guide signs should be provid- 
ed to reassure bicyclists of their position if 
distances are great between maior decision 
points. Signs warning motorists that bicy- 
clists may be encountered, and vice versa, 
should be provided where a bikeway inter- 
sects a road or sidewalk, at the beginning 
and end of a bikeway, and at points where 
large numbers of bicyclists may be expect- 
ed (e.g., schools and parks). 

Signs erected at the roadside should be 
mounted with the lower edge of the sign 
no less than 1 500 mm (5 ft) above the 
pavement on rural roadways, and 2 100 
mm (7 ft) above the pavement in residen- 
tial, business, and commercial districts and 
on expressways. However, these heights 
respond to the motorist's field of vision. 
Signs on roadways which include bicycle 
lanes should be placed at a lower level cor- 
responding to the bicyclist's field of vision. 
Signs on isolated bicycle routes can be 
mounted 1 200 to 1 500 mm (4 to 5 ft) 
above the pavement, and signs along road- 
ways that are intended specifically for bicy- 
clists may be mounted at a lower height. 



Care should be taken to place signs-par- 
ticularly those at the lower heights-where 
they will not be obscured by other common 
elements such as parked cars or vegetation 
Bicycle-oriented warning signs should be 
positioned far enough in advance of the 
condition to allow time for perception and 
response, based upon design speeds and 
sight/stopping distances (Figure 341-6). 
Placement should be such that a safe hori- 
zontal distance of 1 000 mm (3 ft) is main- 
tained between the edge of the bikeway 
surface and the nearest projection of the 
sign. 

Pavement Markings: 

Pavement markings are used to reinforce 
signage by providing additional informa- 
tion. They are particularly useful for bike- 
ways since they, more than signs, are 
directly in the bicyclist's normal zone of 
vision. Striping and message stencils are the 
most common forms of pavement mark- 
ings. 

Bicycle lanes are normally delineated by 
a solid, painted line 100 or 150 mm (4 or 6 
in) wide between the bicycle lane and the 
roadway White is the standard color for 
bicycle lane- related pavement markings. 
Some experimentation has been done with 
other colors in attempts to increase recog- 
nition, but the National Advisory 
Committee on Uniform Traffic Control 
Devices concluded that other colors had 
poor visibility characteristics and were 
unacceptable for bicycle lane markings. 
Additional cross-striping (zebra striping) is 
often used to increase visibility at intersec- 
tions. 

Stenciled message markings are normal- 
ly white, with a minimum letter and arrow 
height of 1 200 mm (4 ft), and include such 
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Figure 341-25. Storage lockers and racks. 



messages as STOP, YIELD, PED-X-ING, 
SLOW, RR X-ING, and BIKE LANE, supple- 
mented with an arrow indicating the direc- 
tion of travel. BIKE LANE or BIKE ONLY 
messages should be placed at the begin- 
ning of a bikeway, at intersections with 
roadways and other facilities, al midpoints 
on long blocks, and downstream of major 
driveways, Care should be taken to avoid 



placing painted pavement markings at crit- 
ical stopping points and to limit their 
occurence. Painted pavements can reduce 
friction, making stopping more difficult and 
increasing the dangers of sideslip 
Pavement markings are sometimes less vis- 
ible in areas where snow is a problem, 
thereby reducing their effectiveness. 



1, Surfacing materials vary in terms of suitability, cost and durability. Durable easily 
maintained pavements which conform to accessibility regulations are recommended, 

2 Positive drainage should accommodate the pavement and bikeway type to mini- 
mize hazards. A 2% minimum cross-slope is desirable Locate drain structures off 
of the path to minimize accidents due to settlement or heaving of structure at 
paving surface. 

3. Traffic control/informational systems such as signage and pavement markings facili- 
tate use. 

a. Sign post should be set back at least 900 mm (3 ft) from path edge, and bottom 
sign edge should be set 1 500-2 100 mm (5-7 ft) above grade for proper visibility. 

b. Limit number of Signs to minimize confusion 

c. Use signs primarily to mark route, regulate use, and provide safety warnings as 
required. 

4. Lighting at intersections and along path are essential for safety and utility, and typi- 
cally range from 6-10 Ix {0.6-1.0 fc). 

a. Placement of lights and other path furnishings require design coordination to 

prevent a cluttered appearance along the path, 
b Benches, racks, and other furnishings require significant setbacks from path to 

prevent conflicts 

5. Barriers and separators such as fencing, plantings, and painted lines, are used to 
delineate facilities and uses. 

a. Raised or textured surface barriers may pose a hazard in left-turn or in high 
speed conditions. Choose barrier type appropriate to facility use. 

b Plantings require proper set-backs to allow for safety clearances and adult plant 
growth. Select species for safety and maintenance considerations. 



6.4 Site Furnishings 

Racks and Locking Devices for Bicycles: 

Three primary methods for parking bicycles 
and protecting them from theft are: 

1 . Enclosing the bicycle in a locker, cabi- 
net, or other lockable space 

2. Rendering the bicycle inoperable by 
weaving a chain and lock through the 
frame and wheels 

3. Locking the bicycle to a rack, post, or 
other stationary object 

The first and third methods are most 
effective (Figure 341-25). Lockers effec- 
tively prevent thefts and relieve the bicyclist 
of the need to carry heavy chains and locks, 
but they are space consuming and expen- 
sive to install. Devices which provide later- 
al support only at one wheel leave the bicy- 
cle vulnerable to damage. 

Bicycle racks and parking facilities should 
be located as close to destinations as possi- 
ble without interfering with pedestrian traf- 
fic. Storage facilities too far away [more 
than 15 000 mm (50 ft)] encourage the 
bicyclist to attach the bicycle to the nearest 
tree, lightpole, or parking meter. Locate 
storage facilities where there is visual 
supervision, lighting, and shelter from 
inclement weather. 

Fixtures for Bicycle Routes: 

Depending upon the character, scale, and 
anticipated use of a bikeway, such elements 
as shelters, benches, tables, grills, rest 
rooms, trash receptacles, bulletin boards, 
telephones, and drinking fountains may be 
provided. 
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Figure 341-26. Convenience to bicy- 
clists. Tree canopies can reduce the 
amount of rainfall reaching the bicyclist. 

Installation and maintenance costs are a 
major determining factor, especially with 
water and toilet facilities. Simple rest stops 
where bicyclists can pull off the bikeway 
and rest or enjoy a view are obviously 
much less expensive, and they can add 
much to the attractiveness of a recreational 
facility. 

Bikeway Limiting: 

Bikeway lighting requirements vary from 6 
lux (Ix) [0.6 footcandles (fc)] in parks and 
similar areas, to 10 Ix (1 .0 fc) in commercial 
areas, to 20 Ix (2.0 fc) at intersections with 
heavily trafficked streets. Commercial areas 
with existing illumination may require no 
additional lighting. The positioning of new 
luminaires should be such that bicyclists are 
backlighted against approaching traffic. 
(Refer to Section 540: Outdoor Lighting, 
for more information.) 

6.5 Barriers and Separators 

Bikeways which share or are immediately 
adiacent to a roadway may be delineated 
as described below. 

Fencing and Plantings: 

Fencing provides the least space consump- 
tive physical barrier to contain the path for 
either screening or safety reasons. Fencing 
should be deeply setback from the path for 
safety reasons. Many fencing options are 
available and may be combined with vine 
cover to soften less expensive open wire or 
simple rail fencing (Refer to Section 450: 
Fences, Screens, and Walls). Shrub planti- 
ng is an effective screening option, but 




Figure 341-27. Convenience to bicyclists. Trees can reduce windspeeds by up to 
50 percent for a distance downwind 20 times the height of the windbreak. 




SUMMER SHADE 



WINTER WARMTH 



Figure 341-28. Convenience to bicyclists. Deciduous trees provide shade in sum- 
mer and allow light through in winter. 



requires more space than does fencing. 
Care should be taken to specify plants with 
appropriate growth habits to meet clear- 
ance requirements, and to avoid thorns or 
excessive fruit droppings. Single standard 
trees may afford a better multi-purpose 
option due to a potential for canopy effects 
(Refer to Section 550: Plants and Planting, 
and Section 240: Outdoor Accessibility). 

Painted Lines: 

The simplest and least expensive bikeway 
delineation is the painted line. It can con- 
tinue through intersections, allow bicyclists 
to leave the lane to make left turns, and 
permit automobiles to enter driveways. A 
disadvantage of painted lines is the lack of 
a physical barrier or tactile warning to pre- 
vent the encroachment of motor vehicles. 
Paint that will not become slippery when 
wet should be specified. 

Traffic Buttons: 

Raised and reflectorized traffic buttons are 
sometimes used to delineate bike lanes, 



either alone or in combination with painted 
lines. This method provides a visual and 
tactile warning to the motorists while still 
allowing lane changes and access to drive- 
ways. However, the raised buttons, or 
other raised elements, are dangerous to 
cyclists and may make left turns difficult. 

6.6 Bikeway Plantings 

Plants can reduce headlight glare and traf- 
fic dust and can prevent accidental 
crossovers when used to provide a visual 
and physical barrier between bicycle and 
motor vehicle traffic. Plant materials can 
also mitigate the discomforts of weather. A 
canopy of deciduous and coniferous trees 
over a bikeway, for instance, can reduce 
the amount of rainfall reaching bicyclists by 
as much as 20 to 40 percent (Figure 341- 
26). Leaf buildup may require increased 
maintenance. 

Dense planting of trees in a row, per- 
pendicular to prevailing winds and parallel 
to the bikeway, can reduce wind speeds by 
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50 percent for a distance downwind of 
from 10 to 20 times the height of the wind- 
break (Figure 341-27), 

Extremes of heat and cold can also be 
modified by careful selection and use of 
plant materials. Deciduous trees can pro- 
vide shade from the sun in the warm sea- 
sons, allow sunlight to penetrate to the 
ground in the cool seasons, and minimize 
diurnal temperature changes by trapping 
heat and reducing its loss through radiation 
to the atmosphere (Figure 341-28) Plant 
massings can also alter snow drifting pat- 
terns and melting rates through microcli- 
mate modification. (Refer to Sections 260: 
Climate and Energy, and 550: Plants and 
Planting, for more information on microcli- 
mate control.) 

The disadvantages of plantings include 
the consumption of a substantial amount of 
space and possible confusion at intersec- 
tions where the planted strip must be bro- 
ken. Trees planted in a row between the 
two modes of transportation provide a 
visual, psychological, and limited physical 
barrier and take up less space than heavy 
shrub massings. 
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1.0 INTRODUCTION 



1.1 General 

— he automobile is one of the basic cort- 
I siderations in site planning and 
I design. Often vehicular circulation 
patterns set the scale and form of future 
development. As a result, understanding 
the role of vehicular circulation in the site 
planning process is critical to satisfying its 
functions. 

1.2 Classification of Vehicular 
Circulation Systems 

Roadway systems are grouped into a num- 
ber of different classifications for adminis- 



trative, planning, and design purposes. 
Classifications are usually based on traffic 
volumes, speed, general design require- 
ments, and maintenance requirements. 

In the most basic classification system 
for design work, highways and streets are 
typically grouped into the following four 
categories (Figure 342-1) 

1 . Freeway systems: (including express- 
ways and parkways); these systems 
allow rapid and efficient movement of 
large volumes of through-traffic 
between and across urban areas. They 
have limited access with grade-sepa- 
rated interchanges 

2. Major arterial systems: these systems 



allow through-traffic movement 
between and across urban areas with 
direct access to abutting properties. 
They are subject to control of 
entrances, exits, and curb use. 

3 Collector street systems: these sys- 
tems allow traffic movement between 
major arterials and local streets, with 
direct access to abutting properties. 
Traffic control is usually provided by 
stop signs on the side streets. 

4. Local street systems: these systems 
allow local traffic movement and 
direct access to abutting properties. 

Parkways are an important type of recre- 
ational circulation route, facilitating the 



Table 342-1. TYPICAL ROADWAY PATTERNS 



Advantages 



Disadvantages 



Grid Pattern 



Simplicity, regularity 

Ease of layout (engineering) 

Convenient access 

Good orientation, easy to follow 

Good on level land 

Suitable for complex distributed flow 



• Visual monotony 

■ Disregard of topography 

• Vulnerability to through traffic 

• Lack of difference between 
heavily and lightly traveled ways 




Pattern 



• Good direct line of travel 



• Not fiood when neither origin nor 
destination are related to center 

• Difficult for sen/ice 

• Causes problems In local How and 
creates difficult building sites 



Classic Partem 




• Favors the specialization of 
major vs minor arteries 

■ Makes the intersection problem 
manageable by distributing instead 
of concentrating at center 



i Very sensitive to interruptions 
at single point 



L : 



Linear System 



• Flow primarily between two points 

■ Typically found .ilong railroads, 
canals, highways 



• Lack of focus 
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Figure 342-1. Typical vehicular clas- 
sification system. 



efficient movement of large volumes of 
traffic through areas of high scenic quality. 
They usually prohibit trucks, buses, and 
other commercial traffic. 

On-site drives and roads refer to vehicu- 
lar access routes within a site; they repre- 
sent a category of classification finer than 
that of the local street system. 

Most of this section will focus on the 
design and construction of on-site roads 
and parkways, although design standards, 
techniques of layout, and methods of con- 
struction apply to all categories of vehicular 
circulation. Design and construction mea- 
sures appropriate to each category will 
depend upon the local practices and 
requirements set by controlling public 
authorities. 



1.3 Circulation Patterns 

Various roadway patterns are commonly 
used to lay out a vehicular circulation sys- 
tem (Table 342-1). 

1.4 Basic Design Guidelines and 
Principles 

The design of vehicular circulation systems 
involves both aesthetic judgment and 
sound engineering practice. A well- 
designed roadway should harmoniously fit 
into the surrounding landscape while main- 
taining the driver's site lines and views. 
These aesthetic objectives require that the 
designer visualize the three-dimensional 
aspects of a roadway, including the various 
combinations of horizontal and vertical 
curves, of cuts merging smoothly with fills, 
and of side slopes blending well with the 
terrain. 

A roadway, however, is primarily a trans- 
portation medium. It must be designed and 
built to facilitate the safe movement of 
vehicles. To achieve this objective, the 
design of a roadway must incorporate the 
criteria of strength, safety, and uniformity 
common to sound engineering practice. 

The following are general design guide- 
lines and principles to consider when 
designing vehicular circulation systems at 
any scale: 

1 The location of a roadway should be 
based on a survey of all relevant factors 
These include but are not limited to: 

a. Present and proposed land uses and 
traffic ways 

b. Areas where redevelopment or 



change is desirable 

c. Existing and planned transportation 
infrastructure 

d. Traffic "desire lines" 

e. Topographic features 

f. Ecological factors 

g. Cultural and historic factors 

h. Scenic opportunities 

i. Social, economic, and political struc- 
tures 

j. Safety 

k Acquisition and development costs 
I, Operation and maintenance costs 

2. The location of a roadway must be 
responsive to natural forces and fea- 
tures. 

3. The location and design of a roadway 
must include consideration of its effect 
on adjacent properties in terms of 
noise and fumes. (Refer to Section 
560: Sound Control, for more infor- 
mation.) 

4. A roadway should be so aligned and 
constructed as to preserve and accen- 
tuate the best qualities of the land- 
scape, providing for a variety of visual 
experiences. 

5. The vertical and horizontal alignment 
of a roadway should be carefully coor- 
dinated to fit into the landscape. 



2.0 DESIGN CONTROLS 



2.1 General Roadway Standards 

Table 342-2 is a comparative summary of 
design standards for arterial, collector, and 



Table 342-2. SUMMARY OF MINIMUM DESIGN STANDARDS FOR URBAN STREETS 



Design 
Elements 


Freeways and 
Expressways 


Other 


Minor Arterials 


Design Speed 
km/h (mph) 


95(60) 


65 (40) 


50(30) 


Number of 
Traffic Lanes 


4 up 


4 up 


4-6 


Width of Traffic 
Lanes, mm (It) 


3 660(12') 


3 660(12') 


3 660(12') 


Width of Curb 
Parking Lane or 
Shoulder, mm (ft) 


3 660 (12') 


3 050(10) 


3 050 (10'! 


Width of 
Right-of-way. 
mm (ft) 


36 575 up 
(120 1 up) 


36 575 up 
(120' up) 


30 480 • 36 575 
(100-120) 



Residential Areas 



50 (30) 
2 

3 660(12') 
3 050 (10') 

18 290 (60') 



Other 



50 (30) 
4 

3 660 (12') 
3 050 (10') 



18 290 
(80') 



Single- Family Other 
Residential Areas 



30 (20) 
2 

3 050 (10*) 
2 440 (8') 



50(30) 
2-4 
3 355 (11') 
3 050(10') 



15 240 - 18 290 18 290 -24 385 
(50-60') (60-80) 
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local streets. Tables 342-3 and 342-4 give 
standards for collector and local streets 
based on terrain and development density. 

2.2 Driver Characteristics 

Because driver characteristics are a major 
factor in the design of vehicular circulation 
systems, human limitations and behavior 
must be understood and taken into 
account. The success of the design is 
dependent upon a thorough understanding 
of the driver. An understanding not only of 
average human physical and mental limita- 
tions, but also of the range of user perfor- 
mance, is important for sound judgment in 
the design of traffic controls and operating 
measures. 

Reaction to External Stimuli: 

Reacting to external stimuli involves a series 
of events which are inherently related to 
human physical factors: 

1. Perception: seeing the stimuli for the 
first time along with other perceived 
objects. 

2. Identification: the identification and 
understanding of the stimuli 

3. Judgment: the decision-making 
process. 

4. Reaction: the physical execution of the 
decision. 

The total time required to perceive and 
react to a stimulus is the sum of the above 
four factors, referred to as PUR. 

Visual Factors in Perception and 
identification: 

Visual Acuity: Visual acuity refers to the 
field of clearest vision. The most acute 
vision is limited to a narrow cone of 3 to 5 
degrees; however, sight is fairly clear within 
a cone of 10 to 12 degrees (Figure 342-2). 

Peripheral Vision: Peripheral vision 
refers to the field of view within which an 
individual can see objects without clear 
detail or color. The field of normal periph- 
eral vision in humans varies from 120 to 
180 degrees (Figure 342-3). 

Depth Perception: Depth perception 
refers to the ability to estimate distance and 
speed. 

Glare and Recovery: Glare recovery time 
(i.e., the time required to recover from the 
effects of glare after a light source has 
passed), is approximately 6 or more sec- 
onds when moving from light to dark areas 
and about 3 seconds when moving from 
dark to light areas. 



Table 342-3. COLLECTOR STREET DESIGN STANDARDS 





Level Terrain 


Rolling Terrain 


Hilly Terrain 


Right-of-way Width, 
mm (ft) 


21 335 (70') 


21 335 (70') 


21 335 (70') 


Pavement Width, 
mm (ft) 


10 975 - 12 190 
(36' to 40') 


10 975 - 12 190 
(36' to 40') 


10 975 ■ 12 190 
(36' to 40') 


Type of Curb 


Vertical Face 


Vertical Face 


Vertical Face 


Sidewalk Width, 
mm (ft) 


1 525 (5') 


1 525 (5') 


1 525 (5') 


Sidewalk Distance 
From Curb Face, 
mm (ft) 


3 050 (10') 


3 050 (10') 


3 050 (10') 


Minimum Sight 
Distance, mm (ft) 


76 200 (250') 


60 960 (200 ) 


45 720(150') 


Maximum Grade 


4% 


8% 




Minimum Spacing 
Along Major Traffic 
Route, mm (ft) 


396 240(1300') 


396 240 (1300 ) 


396 240(1300) 


Design Speed, 
km/h (mph) 


55 (35) 


50 (30) 


40 (25) 


Minimum Centerllne 
Radius, mm (ft) 


106 680(350') 


70 105 (230') 


45 720(150') 




ACUTE VISION CONE - 
(S-st 



izo-iso* 

PERIPHERAL VISION 



CLEAR SKSHT ~ J 1 " 

VISION CONE (10-12-)^ 




Figure 342-2. Visual acuity cone. Figure 342-3. Peripheral vision. 



Color Vision: Generally, full color vision 
is not of great importance in driving 
because most people who are color blind 
learn to compensate In general, the eye is 
most sensitive to black and white or black 
and yellow combinations. 

Total Driver Response Time: 

Total driver response time (PUR) increases 
with the number of choices and the com- 
plexity of the judgment required. PUR times 
are used to determine safe stopping dis- 
tances, safe approach speeds at intersec- 
tions, and the length of the yellow interval 
used for traffic signals 

The American Association of State High- 
way and Transportation Officials (AASH- 
TO) recommends that a minimum PUR 
time of no less than 2 5 seconds be used to 
determine safe stopping distances for all 
ranges of speed, and that a minimum PUR 



time of 2.0 seconds be used for intersection 
sight distances. Wherever possible, greater 
PUR times should be used. 

Variability of Drivers: 

The variability of drivers and their attitudes 
with respect to age, sex, attentiveness, 
knowledge, skill of driving, nervousness, 
and impatience are important factors and 
must be taken into account when establish- 
ing design criteria. Design values are nor- 
mally based on satisfying the needs of the 
85th percentile drivers, with minor consid- 
eration given to the variability of the 15th 
percentile who represent poorer drivers. 

Behavior of Drivers: 

A sense of reason will govern the behavior 
of most drivers, but neither drivers nor 
pedestrians will react consistently to con- 
trols and regulations that seem unreason- 
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Table 342-4. LOCAL STREET DESIGN STANDARDS 





Level Terrain 


Rolling Terrain 


Hilly Terrain 


Right-of-way Width, 
mm (ft) 


18 290 (60') 


18 290 (60') 


15 240- 18 290 
(50' to 60') 


Pavement Width, 
mm (ft) 


6 705 • 10 975 
(23' to 36') 


6 705- 10 975 
(22' to 36') 


8 230 - 10 975 
(27' to 36') 


l .i j-W i ii< 

lypf oi i.i i.- 


Vertical Face 


Vertical Face 


Vertical Face 


Sidewalk Width, 

mm m 

mm uu 


1 525 (0' to 5') 


- 1 525 (0' to 5') 


■ 1 525 (0' to 5') 


Sidewalk Distance 
From Curb Face, 
mm (ft) 


n 1 K10 (0' to 6') 


- 1 830 (0' to 6') 


- 1 830 (0' to 6') 


Minimum aignt 
Distance, mm (ft) 




45 720 (150 ) 


33 530 (110') 


Maximum oraae 


4% 


8% 


15% 


Minimum Spacing 
Along Major Traffic 
Route, mm (ft) 


152 400 - 304 800 
(500' to 1000') 


152 400 • 304 800 
(500' to 1000') 


152 400 - 304 800 
(500' to 1000') 


Design Speed, 
km/h (mph) 


50(30) 


40 (25) 


30 (20) 


Minimum Centerline 
Radius, mm (ft) 


76 200 (250') 


53 340(175') 


33 530 (110') 


Table 342-5. SAFE COEFFICIENTS OF FRICTION (F) 




Design Speed, 
km/hr (mph) 


Assumed 


Speed for Conditions, 
km/h (mph) 


bale Loerncieni 
□f Friction (F) 


50 (30) 




45 (28) 


0.36 


65(40) 




60(36) 


33 


SO (50) 




70(44) 


0.31 


95 (60) 




85 (52) 


0.30 


105 (65) 




90 (55) 


0.30 


115 (70) 




95 (5B) 


0.29 



able. This phenomenon must be taken into 
consideration when establishing regulations 
and controls. 

Effect of Climate on Drivers: 

Various climatic factors such as patterns of 
wind movement, temperature, precipita- 
tion, and sun angle can affect the driver's 
perception of the road and the driver's con- 
sequent behavior. 

Visual information increases in direct 
proportion to the amount of light reflected 
on the object. Consequently, climatic con- 
ditions can obscure the driver's perception. 
Rain, fog. and mist at night create the 
greatest visual problems. Such climatic 
effects create difficulty in determining the 
size of the object in front of the vehicle, its 
distance ahead, and the speed at which 
that object is moving. 



Low sun angles in morning or late after- 
noon can cause nearly total dissolution of 
the driver's visual field. The result is 
momentary blindness and an inability to 
discern visual information readily 
Whenever possible, roads should be 
aligned to minimize such problems. 

2.3 Vehicular Characteristics 

The physical characteristics of vehicles 
using a roadway will determine the geo- 
metric design and construction of the road- 
way. For general design use. major class 
groupings should be determined and repre- 
sentative-size vehicles established within 
each class. 

Design Vehicle: 

A design vehicle is a representative motor 
vehicle, the weight, dimensions, and oper- 



ating characteristics of which are used to 
establish highway design controls. For pur- 
poses of geometric design, the design vehi- 
cle should have dimensions and a minimum 
turning radius larger than that of all vehi- 
cles in its class. 

Operating Characteristics: 

Three operating characteristics that influ- 
ence roadway design are turning radius, 
acceleration, and braking distance. 

Turning Radii: The turning radii of the 
design vehicle are used to determine spatial 
dimensions for maneuvering on roads and 
in parking areas. 

Acceleration: Acceleration data are used 
to determine: 
1 . The time required to cross an intersec- 
tion from a stationary position. 
2 The distance required to pass another 

vehicle. 
3. The gap acceptance. 

The rate of acceleration of passenger 
vehicles is from 6 4 to 9.7 km/h per second 
<4 to 6 mph per second), which is equal to 
18 to 2.7 m/5 (6 to 9 fps). The rate of 
acceleration for trucks is from 2.4 to 3.2 
km/h per second (1V; to 2 mph per sec- 
ond), or 0.6 to 0.9 m/s (2 to 3 fps). 

Braking Distance: The braking ability of 
a motor vehicle and the forward -friction 
factor between tires and pavement deter- 
mine the slowing and stopping abilities of 
the vehicle. Table 342-5 provides safe co- 
efficients of friction to be used in the for- 
mulae that follow. 

2.4 Design Speed 

(by Roadway Types) 

The value of a road is often |udged by the 
convenience, safety, and economy by 
which it transports goods and people. The 
speed adopted by a driver depends upon 
four general circumstances: 

1. The physical characteristics of a road 
and its surroundings 

2. The weather conditions 

3. The presence of other vehicles 

4. The speed limitations, either legal or 
by control devices 

While any one of these may govern, the 
effects of these circumstances are almost 
always combined. An approximately uni- 
form speed is generally the aim of most dri- 
vers. Provision should be made for a speed 
which satisfies most drivers. The speed cho- 
sen for design should be that typically used 
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M ill 




Figure 342-4. Average vehicle eye 
height. 



EYE HEIGHT 
1160 mm 
(3- 9") 



OBJECT HEIGHT 
150 mm 

(a"). 



Figure 342-5. Assumed object 
height for crest vertical curves. 



OBJECT 



i 



" = !.! 



Snl.OMO 



PK= 44100(147) 



d= 26 700(89) 



0=70 800(236') 



EXAMPLE: V=VEHIdE6PEEP 

Pt a PERCEPTION TIME 

Br = BRAKE REACTION TIME 

Bt = BREAKING TIME 

PR = PERCEPTION h BKA*E REACTION DISTANCE 
d = BRAKE DISTANCE 
D ■ TOTAL PSTANCE 



Figure 342-6. Components of sight/stopping distance. 



by drivers under favorable weather 
conditions. 

Design speed: Design speed is the max- 
imum safe speed a road is engineered to 
handle under normal operating conditions 
Suggested design speeds for roads o( vari- 
ous classifications are given in Table 342-6. 
The selection of a design speed should be 
done with great care. Once selected, all 
pertinent geometric design will be related 
to the chosen value. 

2.5 Sight Distance 

The design of a safe and efficient vehicular 
circulation system depends on the ability of 
the driver to see a sufficient distance ahead 
while moving along a roadway. 

Criteria for Measuring Sight Distance: 

1. Height of eye: the eye height of the 
average driver in a passenger vehicle is 
1 150 mm (3 ft 9 in) above the road 
surface (Figure 342-4). 

2. Height of object: an object height of 
150 mm (6 in) is customarily assumed 
for measuring stopping distances for 
crest vertical curves (Figure 342-5). 

For passing sight distances, the object 
height is 1 350 mm (4V; ft), which is gen- 
erally the current passenger vehicle body 
height above the pavement. 

Sight/Stopping Distance: 

Sight distance is the length of road ahead 
visible to the driver. The minimum sight dis- 
tance available on any stretch of road 
should be sufficient to enable a vehicle 
traveling at or near the design speed to 
stop before reaching an object in its path. 



The minimum sight/stopping distance is 
a function of two elements. The first is the 
distance traveled after the obstruction 
comes into view but before the driver 
applies the brakes. During this period of 
perception and reaction, the vehicle travels 
at its initial velocity. The second distance is 
traversed while the driver brakes the vehi- 
cle to a stop (Figure 342-6), 

Perception and Brake Reaction Time: 
The formula for determining the perception 
and brake reaction distance is: 

PR = 1 ,47(t)(V) 

where PR = perception and reaction dis- 
tance, ft 

t= perception plus reaction 
time, seconds (2.5 seconds) 

V = initial speed, mph 

Example (Figure 342-6): Given that the 
initial speed = 40 mph, 

PR= 1.47(t)(V) 

= 1.47(2.50X40) 

= 147 ft 

Braking Distance: Once the driver has 
perceived and reacted to an obstruction, 
the approximate braking distance of a vehi- 
cle on a level, dry roadway can be deter- 
mined by use of the following formula: 



d = 



30f 



where d = braking distance, ft 
V= initial speed, mph 



coefficient of friction 
between tires and pave- 
ment (Table 342-5) 



As in the same example (Figure 342-6), 
the braking distance for a speed of 40 mph 
would be as follows: 

V = 40 mph 

f = 0.60 

30(0.60) 
1600 



d = 



18 



= 89 ft 

Total Stopping Distance: The formula for 
determining the total distance (D) required 
to stop the vehicle is therefore (Figure 
342-6): 



D = PR + d 



= 1.47(t)(V) + 



30f 



= 1.47(2.5X40) + 



40» 



(30X0.60) 



= 147 + 89 



= 236 ft 

Table 342-7 lists for both wet and dry 
pavements the recommended minimums 
regarding actual initial speeds, perception 
and brake reaction times, and coefficients 
of friction. 

Effects of Grades on Stopping: The 

design values given for minimum 
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Table 342-6, DESIGN SPEEDS (BY ROADWAY TYPES) 
Highway Type De»gn Speed, km/h (mph) 



Interstate Rural 105 (65) 

Rural Highways 90 (55) 

Flat Terrain 90 (55) 



Rolling Terrain 
Rough Terrain 

Urban Interstate 

Through Areas of Concentrated Development 
Through Areas of Moderate Development 

Urban Expressways 

Through Areas of Concentrated Development 
Through Areas of Moderate Development 

Minor Residential Streets 

Access Roads — Recreational Development 

Drives — Site Access Roads 

sight/stopping distances in Table 342-7 
assume a braking distance on a level road- 
way, If the vehicle is traveling uphill, the 
braking distance is decreased Conversely, if 
the vehicle is traveling downhill, the brak- 
ing distance is increased. When a highway 
is on a grade, the braking distance is 
expressed by the formula: 

d = g 
30(f±G) 

where C = grade of the road (uphill 
grades are +, downhill 
grades are -) 



Example: Given that V = 40 mph and 
that G = -10%, 

D= 1.47(t)(V) + — - 

30(f±G> 

= 1.47(2 5)140) + ^ 

30 (0.60-0.10) 

= 147 + 107 
= 254 ft 

Variations Due to Vehicle Type: 
Minimum sight/stopping distances derived 
from the above formula reflect passenger 
car operation only. Trucks, especially the 
larger and heavier units, require a longer 
stopping distance for a given speed than do 
passenger vehicles. However, two factors 
tend to counteract the need for additional 
braking distance for trucks First, the truck 
operator is able to see substantially farther 
because of a higher position in the vehicle 



80 - 90 (50 ■ 55) 
50 -80 (30 - 50) 

80 (50) minimum 
65 - 90 (40 - 55) 
65 (40) minimum 
50 (30) minimum 
50 - 80 (30 - 50) 
40(25) 

25- 40 (15-25) 
15-30 (10-20) 

Second, trucks often travel more slowly 
than passenger vehicles. 

Passing Sight Distance: 

It is often necessary on two-lane roads to 
provide an opportunity to pass slow mov- 
ing vehicles Table 342-8 gives the mini- 
mum passing sight distance. 



3.0 ROADWAY DESIGN 
ELEMENTS 



3.1 Horizontal Alignment 

General Design Criteria for Horizontal 
Alignment: 

In addition to the specific design controls 
described in 2.0 of this section, a number of 
general design criteria should be considered 
when developing the horizontal alignment 
for a roadway: 

1 . Alignment should be as direct as pos- 
sible, but respectful of topography 
and other critical natural or cultural 
features. 

2. Longer curves are preferred to those 
which satisfy minimum radii. 

3. Abrupt changes from straight lines to 
sharp curves should be avoided. 

4. Sharp compound and broken-back 
curves should be avoided (see Figure 
342-7). 

5. Abrupt reversal in alignment (I.e., S 
curves) without transitional tangents 
should be avoided 



342-7 




BROKEN-BACK CURVE 



Figure 342-7. Classification of circu- 
lar curves. 



Components of Horizontal Alignment: 

Horizontal alignment is generally com- 
posed of two geometric components (see 
Figure 342-7): 

1 . Straight lines (tangents). 

2 Circular curves (arcs). 

Tangents: Tangents are the most com- 
mon element of horizontal alignment. They 
are the shortest distance between two 
points and the easiest to lay out. 
Characteristics of tangents include the fol- 
lowing: 

1. They can provide clear orientation 

2. They are predictable and tend to 
encourage excessive speeds. 

3 They are justifiable in flat terrain, but 
In rolling terrain they can be aestheti- 
cally uninteresting, monotonous, and 
fatiguing. 

Circular Curves (Arcs): Circular curves 
are constructed from parts of circles rather 
than parabolas (as in vertical curves). 
Several common classifications of circular 



Note. The selection of the design speed should he done with great cafe on the premise [hat once selected, all pertinent geomet- 
ric design should be related to the vaiue selected. 
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Table 342-7. SIGHTING TO STOPPING — MINIMUM DISTANCE 



Percept™, and Brake Reaction Sight/Stopping 



Design 
Speed, 
km/h 
{mph) 


Speed for 
Condition, 
km/h (mph) 


sec 


Distance, 
mm (ft) 


Coefficient 
of Friction 


Braking 
Distance 
on Level, 

mm rftl 

Mill \Hj 


Computed, 
mm (ft) 


Rounded 
for Design, 
mm (ft) 








Design Criteria —Wet Pavements 








50 
(30) 


45 
(28) 


2.5 


31 395 
(103') 


0.36 


22 250 
(73') 


53 645 
(176') 


60 960 
(200') 


65 
(40) 


60 
(36) 


2 5 


40 235 
(132') 


0.33 


39 930 
(131') 


80 160 
(263') 


83 820 
(275') 


80 
(50) 


70 
(44) 


25 


49 075 
(161) 


0.31 


63 400 
£208') 


112 470 
(369') 


106 680 
(350') 


95 
(60) 


85 

(52) 


2.5 


58 215 
(191'! 


0.30 


91 440 
1300') 


149 655 
(49V) 


144 780 
(475') 


105 
(65) 


90 
(55) 


2.5 


61 570 
(202') 


0.30 


102 415 
(336') 


163 980 
(538) 


167 640 

(550') 


Comparative Values —Dry Pavement 


50 
(30) 


50 
(303 


2,5 


33 530 
(110) 


0.62 


14 630 
<4B'> 


48 160 
(158') 




65 
(40) 


65 
(40) 


2.5 


44 805 
(147) 


0.60 


27 125 
(89') 


71 935 
(236) 




80 

(50) 


80 

(50) 


2.5 


55 780 
(183') 


58 


43 890 
(144-) 


99 670 
(327) 




95 
(60) 


95 
(60) 


2.5 


67 055 
(220') 


0.56 


65 225 
(214') 


132 285 
(434') 




105 
(65) 


105 
(65) 


2.5 


72 540 
(238') 


0.56 


76 505 
(25V) 


149 045 
(489') 





Table 342-8. RECOMMENDED DESIGN VALUES FOR PASSING SIGHT DISTANCE FOR TWO-LANE HIGHWAYS 



Assumed Speeds, 

km/h (mph) 50 (30) 

Passed Vehicle 40 (26) 

Passing Vehicle 60 (36) 

Passing Sight Distance, 335 280 

mm (ft) (1100') 



65 (40) 

55 (34) 

70 (44) 

457 200 
(1500) 



Design Speed 



80 (50) 

65 (411 

80 (51 i 

548 640 
(1800) 



95 (60) 

75 (47) 

90 (57) 

640 080 
(2100) 



115(70) 

85 (54) 

105 (64) 

762 000 
(250C) 



o 

rd 



U 
i— 
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curves are illustrated in Figure 342-7. 
Figure 342-8 illustrates the geometric com- 
ponents of a circular curve. 

Calculation of Circular Curves: 

Formulas necessary to calculate the compo- 
nents of circular curves (Figure 342-8) are 
as follows: 



L = 



R = 



5729.58 
R 

100a 



or D = 



100a 



or L 



D 

5729.58 



L 

180 



T = R tan 



C = 2Rsin — 
2 



E = T tan - 
4 



= R (l^os- a ) 

where a = angle 
n =3.14 



Figure 342-9 illustrates a sample circular 
curve calculation: Given are two tangents 
with bearings N50E and S30E. A curve with 
a 1000-ft radius is desired. 

Superelevation: 

Superelevation refers to the cross slope of a 
road from the outside edge to the inside 
edge measured in meters (vertically) per 
meter (horizontally). Superelevation is nec- 
essary on higher-speed curves to counter- 
act centrifugal force and to provide a safe 
coefficient of friction between tires and 
roadway surface (Figure 342-10). 

Maximum Rates of Superelevation: The 

maximum rate of superelevation on a road- 
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Table 342-9. MAXIMUM RATES OF 
SUPERELEVATION (E) 



P.C 

PT 

P.I. 



(point ot curvature), the beginning of the curve in the direction of stationing 

(point of tangency) the end of the curve in the direction of stationing 

(point of intersection) point where the tangents, if extended, will interact 

(delta, intersection angle, central angle): the angle deflection between the tangents, also equal to 
the angle between radii 

(tangent distance) horizontal distance between PC to P.I and PT to P.I. (They are always 
equal.) 

(radius): radius of curve 

(length of curve), computed (actual) length of curve (arc) from PC to P.T. 

(long chord): distance measured along a straight line (shortest distance) 
between PC. and P.T 

(external distance) distance lrom the PI to the center of the curve 

(middle ordinate), distance form the center of the curve to the center of the 
long chord 

(degree of curvature) the angle at the center subtended by an arc of 100 ft 
which corresponds to a radius of 5729.58 ft for a central angle of 1 degree 



Figure 342-8. Geometric components of a circular curve (horizontal align- 

ltt€flt)* 



R 
L 
C 

E 
M 



1. PUR is the total time it takes to perceive an external stimuli, identify the stimuli, make 

a judgment, and react. 
2 Three operating characteristics that influence roadway design are turning radius, 

acceleration, and braking distance. 

3. The eye height of the average driver in a passenger vehicle is 1 125 mm (3 ft 9 in) 
above the road surface (Figure 342-4). 

4. The formula for determining the total distance (D) required to stop a vehicle on grade 
is: 

D= 1.47(t)(V) + — - — 
30 <f ± G) 



Surf nee 



of (E) 



Urban Streets and 

Expressways 

(with snow and ice) 

Rural Roads 

(with snow and ice) 

Urban Expressways 

Rural Roads 



06 

0.08 

0.10 
0.12 



Table 342-10. MAXIMUM COEFFICIENT 
OF SIDE FRICTION (F) 



Design Speed, 
km/h (mph) 


Coefficient of 
Side Friction (F) 


15(10) 


0.18 


25(15) 


0.1 B 


30 (20) 


17 


40(25) 


0.17 


50 (30) 


0.16 


55 (35) 


016 


65 (40) 


0.15 


70 (45) 


0.15 


80(50) 


014 


90(55) 


0.14 


95 (60) 


13 


105 (65) 


0.13 



way is controlled by several factors (Table 
342-9): 

1 Regional climatic conditions. 

2. Terrain conditions. 

3. Type of area (e.g., rural versus urban). 

4. Frequency and speed of vehicles. 

Maximum Degree of Curvature: The 

maximum degree of curvature, or the min- 
imum radius, is a limiting value for a given 
design speed. It can be determined from 
the maximum rate of superelevation and 
the maximum side-friction factor. The min- 
imum safe radius (R) can be calculated 
directly by use of the following formula: 



R = 



15(E + F) 



or R = 



85,900 (E + F) 

V 2 



where E = rate of roadway super- 
elevation, ft/ft 

F = maximum coefficient of 
side friction (Table 342-10) 

V = vehicle speed, mph 
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Table 342-11. MAXIMUM DEGREE OF CURVATURE AND MINIMUM RADIUS FOR LIMITING VALUES OF E AND F 



u 

3 

U 

i mi 

I 

m 



Design Speed, 
ktti/h (mph) 


Max, 

i 


MAX* 
F 


TO t<ll, 

EandF 


Minimum Radiuc 
mm (ft) 


Maximum Degree 
of Curve 


Maximum Degree 
of Curvature- 


30 (20) 


0.06 


0.17 


23 


35 355 (116 ) 


49.39 


49.0 


40(25) 


0.06 


0.17 


0.23 


39 930 (131 ) 


31.61 


31 .5 


50(30) 


006 


0.16 


0.22 


83 210(273 ) 


20 99 


21.0 


55 (35) 


0.06 


0.16 


0.22 


113 080(371') 


1543 


15 5 


65 (40) 


0.06 


0.15 


0.21 


154 840(508') 


11.27 


11 5 


70 (45) 


0.06 


0.15 


0.21 






9,0 


80 (50) 


0.06 


0.14 


0.20 


251 155 (824') 


6.95 


70 


90 (55) 


0.06 


0.14 


0.20 


306 020(1004') 


5.68 


55 


95(60) 


0.06 


0.13 


0.19 


385 570 (1265') 


4.53 


45 


105 (65) 


0.06 


13 


0.19 


452 325 (1484') 


3.86 


4.0 


30 (20) 


0.08 


0.17 


0.25 


32 615(107 ) 


53.69 


535 


40(25) 


008 


0.17 


0.25 


50 900(167) 


34 36 


34 5 


50 (30) 


0.08 


0.17 


0.24 


76 200 (250') 


22.91 


23.0 


55 (35) 


0.08 


0.16 


0,24 


103 630 (340') 


16.83 


170 


65 (40) 


0.08 


0.15 


0.23 


141 425 <464'> 


12.35 


12.5 


70 (45) 


0.08 


0.15 


0.23 


1 78 920 (58/ ) 


? vb 


100 


80(50) 


08 


14 


022 


230 430 (756') 


7.56 


7.5 


90(55) 


0.08 


0.14 


0.22 


279 500(917') 


6.25 


65 


SS (60) 


0.08 


0.13 


0.21 


348 690(1144') 


501 


5.0 


105 (65) 


0.08 


0.13 


0.21 


409 040(1342') 


4.27 


4.5 


30 (20) 


0.10 


17 


0.27 


30 175 (99') 


57.98 


58.0 


40 (25) 


0.10 


0.17 


027 


46 940 (154') 


37.11 


37.0 


50 (30) 


0.10 


0.16 


0.26 


70 410(231') 


24.82 


25.0 


55 (35) 


0.10 


0.16 


026 


95 705 (314') 


1B.23 


18.0 


65 (40) 


0.10 


0.15 


0.25 


130 150(427') 


13.42 


13.5 


70 (45) 


0.10 


0.15 


0.25 


( / i one t r a 4 * \ 

164 895 (541 ) 


10.60 




80 (50) 


0.10 


0.14 


0.24 


211 530 (694') 


8.25 


8.5 


90(55) 


0.10 


014 


0.24 


256 030 (840') 


6.82 


7.0 


95 (60) 


o.io 


013 


0.23 


318 210 (1044') 


5 47 


5.5 


105 (65) 


0.10 


0.13 


0.23 


373 075 (1224') 


4.68 


4.5 


30 (20) 


0.12 


17 


0.29 


28 040 (92') 


62.27 


62.5 


40(25) 


0.12 


017 


0,29 


43 890 (144 ) 


39.85 


40.0 


50(30) 


0.12 


0.16 


0.28 


65 225 (214') 


26.72 


26.5 


55 (35) 


12 


0.16 


0.28 


89 000(292) 


19.63 


19.5 


65 (40) 


0.12 


0.15 


0.27 


120 395 (395') 


1450 


145 


70 (45) 


0.12 


0.15 


0.27 


152 400(500') 


11.45 


11,5 


80 (50) 


12 


0.14 


0.26 


195 680 (642') 


8.93 


9.0 


90 (55) 


12 


0.14 


0.26 


236 525 (776') 


7 38 


75 


95 (60) 


012 


13 


025 


292 610(960') 


5.97 


60 


105 (65) 


0.12 


0.13 


0.25 


343 815 (1128') 


5 08 


5.0 



* Number roundrd-off 
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Figure 342-9. Calculation of circular curves. 



1 




,06' SUPERELEVATION * Off [VERT ) / V HORIZONTALLY 
24' « Off = 1+4' 



Figure 342-10. Superelevation 
(example). 



NORMAL | CROWN 



Figure 342-11. Superelevation 



NORMAL CROWN 



SUPERELEVATION 
RUNOFF 



TANGENT 



MAXIMUM SUPERELEVATION 



OUTSIDE EDOE OF PAVEMENT i 



t GRAPE 1 



INSIDE EP6E OF PAVEMENT | 



Figure 342-12. Superelevation location and runoff. 



R = radius of curve, ft 

Table 342-11 lists the maximum degree 
of curvature and the minimum radius for 
designated design speeds. 

Superelevation Runoff: Superelevation 
runoff is the length of roadway required to 
provide a transition from the normal road 
crown to a fully superelevated section or 
vice versa (Figure 342-11). 



Table 342-12 lists minimum supereleva- 
tion runoff lengths for various design 
speeds and superelevation rates. 

Superelevation Location and Runoff: In 

general, superelevation runoff is assumed 
to run into the tangent. Figure 342-12 
shows that from 60 to 80 percent of the 
length of runoff should be located on the 
tangent. 



Pavement Widening on Curves: 

Often, on two-lane roads, pavement 
widening is desirable on sharp curves for 
the following reasons (Figure 342-13): 

1 . Tendency for drivers to shy away from 
the pavement edge. 

2. Increased transverse vehicle width 
because the front and rear wheels do 
not track. 

3. Added width because of the slanted 
position of the front of the vehicle rel- 
ative to the roadway centerline. 

Table 342-13 gives pavement widening 
values for two-lane roadways. 

Sight Distance on Curves: 

As a vehicle travels around a horizontal 
curve, any obstruction near the inside edge 
of the road will block the driver's view 
ahead (Figure 342-14). Any particular com- 
bination of the sharpness of the curve with 
the position of an obstruction establishes a 
horizontal sight distance, which is the 
greatest distance at which a driver can see 
an object lying in the roadway. To provide 
safe operation, this horizontal sight dis- 
tance must equal or exceed the safe stop- 
ping distances for each design speed (Table 
342-14). 

3,2 Vertical Alignment 

Components of Vertical Alignment: 

The vertical plane, or profile, of a road or 
drive is essentially made up of two geomet- 
ric components (Figure 342-15): 

1. Inclined straight lines (i.e., tangent 
grades). 

2. Vertical curves. 



O 
3 

y 

I 

fM 
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ORIGINAL PAVEMENT 
WIDTH 




Figure 342-14. Sight distance on 
horizontal curve. 

Grades: Maximum grades for roads vary 
considerably, depending upon terrain, 
speed, capacity, and use of the road. Table 
342-15 shows the relationship between 
maximum grades and design speeds for 
major roadways. Maximum grades for sec- 
ondary roads may be about 2 percent 
steeper. In extreme cases, steeper grades 
for relatively short lengths may be 
considered. 

Vertical Curves: Vertical curves are con- 
structed from parts of parabolas rather than 
circles, and connect two different grades or 
tangents. Figure 342-15 shows the various 
types of vertical curves. Figure 342-16 illus- 
trates the geometry of a vertical curve. 

Calculation of 

Symmetrical Vertical Curves: 

Calculations for a symmetrical vertical 
curve are shown below and basically 
involve a five-step process. 




rC«l 



SAG VERTICAL CURVES 



o 

1 

3 

U 

U 

=3 

(J 

" Step 1 (Figure 342-17): 



1. Locate and determine the length of 
the vertical curve — the stations (lengths) of 
BVC and EVC (beginning and end of verti- 
cal curve). (Refer to information later in this 



Figure 342-15. Components of ver- 
tical curves. 

section for determining the minimum 
lengths of crest or sag vertical curves ) 

2. Determine the algebraic difference (A) 
of the grade tangents: 

A = g> - g! 

= -7 -(+4) 

= -1 1 % 

Step 2 {Figure 342-18): Determine the 
elevations along the grade tangents at each 
50- ft station 



Step 3 (Figure 342-19): Determine the 
middle ordinate (e) [middle ordinate (e) is 
equivalent to 1/8 the algebraic difference 
(A) times the length of the parabola in sta- 
tions]: 

e = V«(gi-gi)L /100 

= 7 8 [-7-(+4)] 300/100 

= r/sx 3 

= 4.12 ft 

Step 4: Find the elevations on the curve 
at intermediate stations. Either of two 
methods may be employed (see below). 

Note: Elevations on the vertical curve 
(offsets) are always determined at even 50- 
or 100-ft stations, although the curve may 
not necessarily begin or end at a 50- or 
100-ft station. It is not necessary to adjust 
the curve to start and end on a station, 
although it does sometimes simplify the 
calculations. 

First method Imiddle ordinate (e) method): 
The middle ordinate method for determining 
elevations on the curve involves the use of the 
middle ordinate (e) as determined in step 3 
above. The formula for the middle ordinate (e) 
method is: 



= e [(distance to station from BVC or 

evc) / mv 

Example(Figures 342-27 and 342-28): 
0^ (station 8 + 50) 

= 4.12 (50/1 50V 
= 4.12 (0.111) 

a 0.46 ft 

0: (station 9 + 00) 

= 4.12 (100/150)-' 

= 4.12 (0.444) 

= 1.83 ft 
Ch (station 10 + 00) 

= 4.12 (100/150V 

= 4.12 (0.444) 

= 1 .83 ft 
04 (station 10 + 50) 

= 4 12 (50/1 50V 

= 4.12 (0.111) 

= 0.46 ft 

Data for the above curve can be record- 
ed using the form shown in Table 342-16. 
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V = vertex or intersection of two grads 

A = algebraic difference In grades (percent) of the grade tangents = Gs - Gi 
BVC = beginning of the vertical curve (In relation to stationing) 
EVC = end of the vertical curve (In relation to stationing) 

C = middle point on the parabolic curve between &VC-EVC and middle point between M-V 
Gil = percentage of slope on the entering grade tangent 
OA = percentage of slope on the leaving grade tangent 

M = middle point or distance halfway on chord between BVC-EVC 

e b middle ordinate (offset) between C-V and C-M 

L = length (horizontally) of the vertical curve 

o = ordinates or station offsets 
to - end ordinate or station effset at EVC 



Figure 342-16. Geometry of a vertical curve. 



Second method [end ordinate (eo) 
method]: Alternatively, the end ordinate 
method can be used to determine eleva- 
tions on a vertical curve at intermediate 
stations (Figure 342-22). 

1 . Determine station grades along g1 
grade tangent [Note that offset (eo) is 
equal to 4 times the middle ordinate 
(e) as previously calculated-] 

2. Determine offsets at stations from the 
gi grade tangent using the following 
formula: 



= eo 



distance from B VC to station y 



Example: 

= 16.5x0.027 
= 0.46 ft 
0j = 16.5 { ,0 %oo) J 
= 16.5 xO.111 
= 1 83 ft 
03(e) a 16.5(150/300)2 
= 16.5 x 0.25 
= 4.12 ft 



04 = 16.5 rV»oo> 2 

= 16.5 x 0.44 

= 7.33 ft 
0* = 16.5 ( 2 *V*>o)* 

= 16.5 x 0.69 

= 11.46 ft 

Data for the above curve can be record- 
ed using the form shown in Table 342-17. 

Step 5: 

1. Calculate the horizontal distance from 
the BVC to the high or low point on the 
profile of a vertical curve: 

A where: 

X = from the BVC to the high 
or low point 

L = length of vertical curve 

gi = entering grade 

A = algebraic difference 

Using the previous example's problem, 
the results are as follows: 



'109.09 P 



X = L(gt) 
A 

300(4) 
11 

= 109.09 ft 

Thus, the high point is located 109.09 ft 
from BVC, or at station 9 + 09.09. 
2. Determine the elevation of the high 
point on the vertical curve by calculat- 
ing the grade tangent elevation at sta- 
tion 9 + 09.09. 

Viudx 109.09 = 4.36 ft 

190.25 (BVC elevation) + 4.36 = 194.61 

3 Determine the offset from the grade 
tangent to the curve at the high-point 
station ( 9 + 09.09 ) by using either of 
the two previously shown methods: 

eo Method 

/109.09\ J 

Oi,p= e - Oh P = eo 

I 150 / I 300 I 

= 4.12(0.53) = 16.5(4.13) 

= 2.18 = 2.18 

Thus, the grade tangent elevation is: 
(9 + 09.09) - offset (high point) = high- 
point elevation on vertical curve: 194.61 - 
2.18 = 192.43 ft at station 9 + 09.09. 

Calculation of Unsymmetrical Vertical Curves: 

Sometimes an unsymmetrical vertical 
curve, rather than a symmetrical (or equal - 
tangent) curve, may more closely fit certain 
requirements of the terrain. The terminolo- 
gy applied to the unsymmetrical curve also 
applies to the symmetrical curve, except 
that the middle point (M) on the chord and 
the middle point (C) on the parabolic curve 
are not located midway between the BVC 
and EVC (Figure 342-23). 

Calculations for determining elevations 
along an unsymmetrical vertical curve are 
as follows (Figure 342-24): 

Step Is Determine the algebraic differ- 
ence (A) of the grade tangents: 

A = gj - g' 

= -8 -(+4) = -12 

Step 2: Determine the middle ordinate (e): 



e = 



/■ - /.' 
2(/i - h) 



x A/100 



25 x 350 
2~(250 + 350) 



x 12/100 



O 

3 

U 

u 
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Figure 342-17. Calculation of sym- 
metrical vertical curve (example 
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Figure 342-18. Calculation of sym- 
metrical vertical curve (example prob- 
lem). 




Figure 342-19. Calculation of sym- 
metrical vertical curve (example prob- 
lem). 
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Figure 342-20. Calculation of sym- 
metrical vertical curve: Middle ordi- 
nate (e) method (example problem). 
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Figure 342-21. Calculation of sym- 
metrical vertical curve: End ordinate 
(e) method (example problem). 




Figure 342-22. Unsymmetrical verti- 
cal 
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Figure 342-23. Calculation of 
unsymmetrical vertical curve (exam- 
ple problem). 



87,500 .„ 
e = — ■ — x 0.12 

1200 
= 72.92 x 0.12 
= 9.59 ft 

Step 3: Determine the grade tangent 
elevations at the 50- and 100-ft stations. 

Step 4: Calculate the offsets at the 50- 
and 100-ft stations: 

0(8 + 50) = 9.59(50/250)-' 

= 9.59(0.04) 

= 0.38 ft 
0(9 + 00) = 9.59(100/250)- 

= 9.59(0.16) 

= 1.53 ft 
0(9 + 50) = 9.59(1 50/250)' 

= 9.59(0.36) 

= 3.45 ft 
0(10 + 00) = 9.59(200/250)-' 

= 9 59(0.64) 

= 6.14 ft 
0(11 + 00) = 9.59(300/350)- 1 

= 9.59(0.73) 

= 7.00 ft 
0(11 + 50) = 9.59(250/350)' 

= 9.59(0.51) 

= 4.89 ft 
0(12 + 00) = 9.59(200/350)-' 

= 9.59(0.33) 

= 3 16 ft 
0(12 + 50) = 9.59(150/350)-' 

= 9.59(0.18) 

= 1.73 ft 
0(13 + 00) = 9.59(100/350)' 

= 9.59(0.08) 

= 0.77 ft 
0(13 + 50) = 9.59(50/350)- 

= 9.59(0.02) 

= 0.19ft 

Data for the above unsymmetrical verti- 
cal curve can be recorded using the form 
shown in Table 342-18 
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Table 342-12. LENGTHS REQUIRED FOR SUPERELEVATION RUNOFF (TWO-LANE PAVEMENTS) 



Length erf Runoff (L), mm (ft) for Design Speed, hm/h fmph) 



Super 


30 


40 


50 


SS 


£5 


70 


80 


M 


95 


105 




EH) 


(M) 


(30) 


(35) 


(40) 


I45I 


(SO) 


(SS) 


(60) 


(65) 


3 660 (12'] Lan« 


0.02 


22 860 


27 430 


30 480 


35 050 


38 100 


42 670 


45 720 


50 290 


53 340 


57 910 




(75') 


(90') 


(100') 


(115') 


(125') 


(140') 


(150') 


(165') 


(175') 


(190') 


0.04 


22 860 


27 430 


30 4SO 


35 050 


38 100 


42 670 


45 720 


50 290 


53 340 


57 910 




(75') 


(90) 


(100') 


(115') 


(125') 


(140') 


(150') 


(165) 


(175') 


(190') 


06 


25 910 


30 480 


33 530 


36 575 


38 100 


42 670 


45 720 


50 290 


53 340 


57 910 




(85') 


(100') 


(110) 


(120) 


(125') 


(140') 


(150') 


(165) 


(175') 


(190) 


0.08 


36 575 


41 150 


44 195 


48 770 


51 815 


54 865 


57 910 


62 485 


65 530 


70 105 




(120') 


(135) 


(145') 


(160) 


(170') 


(180') 


(190') 


(205') 


(215') 


(230) 


0.10 


45 720 


50 290 


54 865 


59 435 


64 010 


68 580 


73 150 


77 725 


82 295 


88 390 




(150') 


(165) 


(180 1 ) 


(195') 


(210') 


(225') 


(240) 


(255') 


(270') 


(290') 


0.12 


54 865 


60 960 


65 530 


71 630 


76 200 


76 200 


88 390 


94 490 


99 060 


105 155 




(180) 


(200) 


(215') 


(235') 


(250') 


(250') 


(290) 


(310') 


(325') 


(345') 


3 050 (10') Lanw 


0.02 


22 860 


27 430 




35 050 


38 100 


42 670 


45 720 


50 290 


53 340 


57 910 




(75') 


WOT 


(100') 


(115') 


(125') 


(140') 


(150') 


(165') 


(175') 


(190') 


0.04 


22 B6G 


27 430 


30 480 


35 050 


a \m 


42 670 


45 720 


50 290 


53 340 


57 910 




(75) 


(90') 


(100') 


(115') 


<125') 


(140) 


(150') 


(165') 


(175') 


(190') 


0.06 


22 860 


27 430 


30 480 


35 050 


38 100 


42 670 


45 720 


50 290 


53 340 


57 910 




(75') 


(90') 


(100') 


(115') 


(125') 


(140') 


(150') 


(165') 


(175') 


(190') 


0.08 


30 480 


33 530 


36 575 


39 625 


42 670 


45 720 


48 770 


51 815 


54 865 


57 910 




(100') 


(110) 


(120') 


(130') 


(140') 


(150') 


(160') 


(170') 


(180') 


(190) 


0.10 


38 100 


42 670 


45 720 


50 290 


53 340 


51 815 


60 960 


65 530 


68 580 


73 150 




(125') 


(140') 


(150') 


(165') 


(175*) 


(170') 


(200') 


(215') 


(225') 


(240 1 ) 


0.12 


45 720 


50 290 


54 B65 


59 435 


64 010 


68 580 


73 150 


TJ ?25 


82 295 


88 390 




(150') 


(165') 


(180') 


(195') 


(210') 


(225') 


(240') 


(255') 


(270) 


(290') 



Minimum Crest Vertical Curves: 

On all crest vertical curves, the length of 
the curve should permit safe stopping dis- 
tances (Figure 342-25). 

Two basic formulas exist for determining 
the length of a vertical curve in terms of 
sight distance(s) and algebraic differences 
in grade: 

When S is less than L: 

AS' 



Table 342-13. PAVEMENT WIDENING VALUES (TWO -LANE ROADS), [MM (FT)] 



L = 



100 (V2h, + \ 2b,y 



When S is greater than L: 

, r 200 (V2h, + V2h.) J 
L = 2S - 



where: L = horizontal length of the verti- 
cal curve, ft 

S = sight distance, ft 

A = algebraic difference in 
grades, % 

hi = height of eye above road- 
way surface, ft 



7.1-m lane design 



24- ft. lane design speed, mph 





48 


64 


80 


96 


30 


40 


SO 


60 




1 


0.0 


0.0 


0.0 


(JO 


0.0 


0.0 


0.0 


0.0 




2 


0.0 


0.0 


00 


150 


0.0 


0.0 


0.0 


0,5 




3 


0.0 


0.0 


150 


150 


00 


00 


5 


0.5 




4 


0.0 


150 


150 


300 


0.0 


0.5 


0.5 


1.0 




5 


150 


150 


300 


300 


0.5 


05 


1.0 


1.0 


O 


6 


150 


100 


300 


450 


0.5 


1 


1.0 


15 


1 
3 
u 
i- 


7 
8 


150 
300 


300 
300 


450 
450 




0.5 
1.0 


1.0 
1.0 


1.5 
1.5 




9 


300 


450 


600 




1.0 


1.5 


2.0 




U 


10-11 


300 


450 






1.0 


1.5 






ar 


12-14.5 
15-18 


450 
600 


600 






1.5 

2.0 


20 






lieu! 


19-21 


750 








2.5 








$ 


22-25 


900 








3.0 








26-265 


1 050 








3.5 











Source. AASHTO, A Policy on Geomelric Design of Rura' Highway?. 1965 
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Table 342-14. SIGHTING TO STOPPING DISTANCE ON HORIZONTAL CURVE 
AA(FT): AA-MIDDLE ORDINATE 



Design 
speed 
kmfh 



Sight/ 



of curve 



(■tin hi 


(HI 


1 


2 


3 


4 


S 


6 


1 


8 


9 


10 


11 


48 


60 


■ 


- 


- 






15 


1.8 


2.1 


2.4 


2.7 


3.0 


















(6) 


(7) 


(8) 


(9) 


(10) 


64 


90 


■ 


■ 


1 S 


2.4 


3.0 


36 


4.2 


4.5 


5.4 


6.0 


6.3 




I WW 








(8) 


(10) 


(12) 


(14) 


(15) 


(18) 

\ I oi 


(20) 


(21) 


80 


135 




2.4 


3.9 


5.4 


6.6 


8 1 


9.3 


10.5 








Mm 


WW 






(8) 


(13) 


(18) 


(22) 


(27) 


(3D 


(35) 






96 


195 


24 


5.7 


8.4 


















(60) 


(650) 


(8) 


(19) 


(28) 


















Design 


sight/ 
























speed 


distinct; 








Degree of 














hm/h 


m 
























(mph> 


im 


12 


13 


14 


IS 


19 


17 


18 


19 


20 


21 




48 


60 


3.3 


3.3 


3.6 


3.9 


4.2 


4 5 


4.8 


4.8 


5.1 


5.4 




(30) 


(200) 


(11) 


(11) 


(12) 


(13) 


(14) 


(15) 


(16) 


(16) 


(17) 


(18) 




64 


90 


6.9 


7.5 


8.1 


8.7 


93 


9.9 


10.5 










(40) 


(300) 


(23) 


(25) 


(27) 


(29) 


(31) 


(33) 


(35) 










80 


135 

























(50) 

96 
(60) 



(450) 

195 
(650) 



Table 342-15. RELATION OF MAXIMUM GRADES TO DESIGN SPEED 
(MAIN HIGHWAYS), {% SLOPE) 



speed, hm/h 



Type of topography 

Flat 
Rolling 

tarn AASHTO A Policy an Georoe/w Design of Huml Highways, 1965 



48 


64 


80 


96 


104 


112 


(30) 


(40) 


(50) 


(60) 


(65) 


era 


6 


5 


4 


3 


3 


3 


7 


6 


5 


4 


4 


4 



h> = height of object above roadway 
surface, ft 

Solutions to these equations based on 
criteria of eye height and fixed object 
height (see Figure 342-25) are given in 
Table 342-19, from which can be deter- 
mined the minimum length of vertical curve 
necessary to match a required stopping 
sight distance for algebraic differences in 
grades up to 25 percent. 



difference in grades, and length of vertical 
curve are as follows: 

When S is less than L: 
3290 

When S is greater than L: 
3290 
A 



L = 2Sp 



~ Passing Sight Distance on Vertical Curves: 

Criteria used for determining passing sight 
distances on crest vertical curves are: a dri- 
ver eye height of 1 125 mm (45 in) and a 
height of 1 350 mm (54 in) for an over- 
coming vehicle (Figure 342-26). 

Equations that express the relationship 
between passing sight distance, algebraic 



where Sp =passing sight distance, ft 

A = algebraic difference in grades, 



L = minimum length of vertical 
curve, ft 



Solutions to these equations based on 
the above criteria of eye height and vehicle 
height (Figure 342-26) are given in Table 
342-20, from which can be found the min- 
imum length of vertical curve necessary to 
match a required passing sight distance for 
algebraic differences in grades up to 10 
percent. 

Minimum Sag Vertical Curves: 

Criteria that are critical for determining the 
minimum lengths of sag vertical curves 
include: 

1 Headlight illumination. 

2. Rider comfort 

3. Drainage control. 

4. General appearance. 

Headlight sight distance has been used 
as the major controlling factor. When a 
vehicle traverses a sag vertical curve at 
night, the portion of the highway illuminat- 
ed, and therefore the sight distance, is 
dependent upon the position of the head- 
lights and the direction of the light beam 
(Figure 342-27). 

The following two formulas show the 
relationship between light beam distance, 
length of vertical curve, and algebraic dif- 
ference: 

When S is less than L: 

AS 1 



L = 



400 + 3.55 

When S is greater than L: 

400 + 3.55 

L = 25-- 

A 

where S =light beam distance, ft 

A = algebraic difference in grades, % 

L = length of sag vertical curve, ft 

Solutions to these equations based on the 
above criteria are given in Table 342-21 . 

3.3 Cross-Sectional Elements 

Pavement Widths: 

The safety and comfort of the driver is 
influenced by the width and condition of 
the pavement surface Because of upward 
trends in traffic volumes, vehicle speed, and 
width of trucks, two-lane roads have 
increased from early widths of 4 800 and 
5 400 mm (16 and 18 ft) to present widths 
of 6 600 to 7 800 mm (22 to 26 ft). Lane 
widths of 3 000 to 3 900 mm (10 to 13 ft) 
are now common. The determination of 
pavement width depends on many factors, 
including: 
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Table 342-16. VERTICAL CURVE DATA FORM: MIDDLE ORDINATE (E) 
METHOD (EXAMPLE PROBLEM DATA) 

Intersection station 9 + 50 Elevation 196 25 VC no, 2 
Algebraic difference -7 - (+ 4) = -1 1 Curve length 300 ft 
BVC. station 8 + 00 Elevation 190.25 
EVC station 1 1 + 00 Elevation 185.75 
Middle ordinate (e) V*M 1)300/1 00 = 4 12 ft 







Distance 
from 
BVC or EVC 






uc 


BVC 


8+00 


00.00 


190.25 


00.00 


190.25 




8 t 50 


50 00 


192.25 


00 46 


191 79 




9+ 00 


100.00 


194.25 


01.83 


192.42 


V 


9+ 50 


150.00 


196.25 


04.12 


192.13 




10 + 00 


100.00 


192.75 


01.83 


190.92 




10 + 50 


50 00 


189.25 


00 46 


188.79 


EVC 


11+00 


00.00 


185.75 


00.00 


185 75 




POPPING 




TA. S'oo Vco le-rio 



FIXCP OBOECJ - 

ISO MM (6" HEIGHT) 



Figure 342-24, Calculation of uitsym- 
metrical vertical curve: Middle ordinate 
(e) method (example problem). 



Figure 342-26. Passing sight distance 
on crest vertical curve. 




EYE HEIGHT 
1125 MM 
(3.75 FT) 



Figure 342-25. Sight/stopping dis- 
tance on crest vertical curve. 

1. Density/intensity of land use. 

2. Parking (i.e.. off-street versus on- 
street). 

3. Whether alignment is smooth 
and continuous. 

4. Speed of traffic. 

5. Volume of traffic. 

6. Type of traffic (i.e., automobiles. 



Figure 342-27. Headlight sight dis- 
tance on sag vertical curve. 

trucks, buses, etc.). 

7. Distance between edge of pave- 
ment and any obstructions along 
the roadside. 

Table 342-22 gives recommended mini- 
mum widths for two-lane roads based on 
traffic volumes and speed. Table 342-23 
gives recommended ranges of pavement 
width based on use. 



Pavement Crowns: 

Pavements on tangents and on flat curves 
are crowned for positive drainage of water 
off the roadway surface (Figure 342-28). 
Table 342-24 gives recommended ranges 
of cross-slope for various types of pave- 
ment surfaces. 

3.4 Intersection Design Elements 
Types of Grade Intersections: 

Figure 342-29 shows various types of 
grade intersections. 

Intersection Curves: 

Minimum Radii for Sharpest Turns: When 
turning space is minimal, as at unchanneled 
intersections, the minimum turning radius 
of the design vehicle is the controlling fac- 
tor in the design of the curve. 

Minimum Radius for Turning Speed: 
Table 342-25 give design cnteria for curves 
at various driving speeds. 




1. Superelevation, the cross slope of a 
road from the outside edge to the 
inside edge, is necessary on higher- 
speed curves to counteract centrifugal 
force and to provide a safe coefficient 
of friction between tires and roadway 
surface. 

2. The minimum safe radius (R) on a 
horizontal curve can be calculated by 
use of the following formula: 

V' 85,900 (E+F) 

R = or R = 

1 5 (E+F) V- 

where £ = rate of roadway supereleva- 
tion, F = maximum coefficient of side 
friction (Table 342-10), V = vehicle 
speed. R = radius of curve. 

3. Vertical curves are constructed from 
parts of parabolas rather than circles, 
and connect two different grades or 
tangents. Figure 342-15 shows the 
various types of vertical curves Figure 
342-16 illustrates the geometry of a 
vertical curve. 

4. The algebraic difference (A) 
between the incoming grade of the 
parabolic curve and the outgoing 
grade can be calculated using the for- 
mula: A = g> - gl. 



o 

3 

u 
3 
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Alignment and Profile at Intersections: 

For safety reasons, horizontal alignment at 
intersections should be handled as shown 
in Figure 342-30. Figure 342-31 illustrates 
preferable grade criteria for intersections. 

Sight Distances at Intersections: 

It is important that sight lines are unob- 
structed along both roads of an intersection 
and across their corners for distances suffi- 
cient to allow drivers approaching the inter- 
section simultaneously to see each other in 
time to prevent collision (Figure 342-32). 

Uncontrolled Intersections: At uncon- 
trolled intersections, drivers must be able to 
recognize a hazard in sufficient time to slow 
down before reaching the intersection. For 
two roads of known design speeds, the 
minimum sight triangle (Figure 342-32) can 
be determined from Table 342-26. 

Controlled Intersections on Minor 
Roads: At controlled intersections on minor 
roads, the driver of a stopped vehicle must 
be able to see enough of the crossroads to 
cross without danger of collision (Figure 
342-33). 

Table 342-27 provides the necessary dis- 
tances needed along the highway from the 
intersection for various design vehicles. 



4.0 PARKING 



This section does not include detailed infor- 
mation on parking dimensions, lot sizes, 
handicapped parking standards, or truck 
loading and docking standards. Such infor- 
mation can be found in Sections 210: 
Spatial Standards, and 240: Outdoor 
Accessibility. 

This section provides general informa- 
tion on site planning and the layout of 
parking areas. 

4.1 Site Planning Considerations 

Thorough consideration should be given to 
integrating the design of buildings and 
structures with parking areas and related 
improvements. Residential, commercial, 
industrial, institutional, recreational, and 
other types of projects all have particular 
parking requirements and should be 
planned accordingly. When parking layouts 
are developed simultaneously with building 
plans, inefficient parking circulation can be 
avoided. 

The parking habits of users have a 
tremendous influence on standards. Urban 
drivers will usually accept narrower stalls 
than will drivers in rural or suburban areas. 



Table 342-17. VERTICAL CURVE DATA FORM; END ORDINATE (EO) 
METHOD (EXAMPLE PROBLEM DATA) 

Intersection station 9 + 50 Elevation 196 25 VC no. 2 

Algebraic difference -7 - (+4) =11 Curve length 300 ft 

BVC Station 8 + 00 Elevation 190 25 

EVC Station 11+00 Elevation 185 75 

Elevation of entering grade at EVC station 202.25 

End ordinate (eo) 16.50 







Distance 
from 
BVC 


Tangent 
rise or 
drop from 
BVC, ft 


Tangent 
grade 


VC 


VC 


BVC 


8 + 00 


00.00 


0.0 


190.25 


00.00 


190 25 




8 + 50 


50 00 


2.0 


192 25 


00.46 


191.79 




9 + 00 


100.00 


4.0 


194 25 


01 83 


192.4 


V 


9 + 50 


150.00 


6.0 


196.25 


04.12 


192.13 




10 + 00 


200.00 


8.0 


198.25 


07.33 


190.92 




10 + 50 


250.00 


10.0 


200.25 


11.46 


188.79 


EVC 


11+00 


300.00 


12.0 


202.25 


16.50 


185.75 



Table 342-18. VERTICAL CURVE DATA FORM: UNSYMMETRICAL CURVE 
(EXAMPLE PROBLEM DATA) 



Intersection station 10 + 50 Elevation 160.30 VC no 4 
Algebraic, difference -8 - (+4) = 12 Curve length 600 tt 
BVC station 8 + 00 Elevation 150 30 
EVC station 14 + OO Elevation 132 30 

Middle ordinate (e) [(250 X 350>/[2<250 + 350)Jl x 12/100 = 9.59 ft 





Station 


BVC or EVC 




VC 


VC 

elevation 


BVC 


8 + 00 





150.30 


0.00 


150.30 




8 + 50 


50 


152.30 


0.38 


151.42 




9 + 00 


100 


154.30 


1.53 


152.77 




9 + 50 


150 


156.30 


3.45 


152.85 




10 + 00 


200 


158.30 


6.14 


152.16 


V 


10 + 50 


250-350 


160.30 


9 59 


150.71 




11 * 00 


300 


156.30 


700 


149 3 




11+50 


250 


152.30 


4.89 


147.41 




12+00 


200 


148.30 


3 16 


145.14 




12 + 50 


150 


144 30 


1.73 


142.57 




13 + 00 


100 


140.30 


0.77 


139.53 




13 + 50 


50 


136.30 


019 


136.11 


EVC 


14 + 00 





132 30 


000 


132.30 



Activities like picnicking call for wider stalls 
to make the handling of bulky items in and 
out of cars easier. In shopping centers 
where carts are used, wider stalls are more 
desirable, as compared to all-day parking 
areas for office workers. 

If experienced attendants are to park 
cars, aisles at least 1 200 mm (4 ft) narrow- 
er can be used for 90-degree parking 
Designers should also be mindful of the 
fact that drivers typically will not park pre- 



cisely in the center of the stall, nor will they 
always drive in all the way. If stalls are too 
narrow, drivers will ignore demarcation 
lines and lap over into adjoining stalls. 

In any parking area, handicapped park- 
ing spaces or a passenger loading zone 
should be located as close as possible to the 
shortest accessible path of travel to build- 
ings. 
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Table 342-19. VERTICAL CURVE LENGTHS (L) NECESSARY TO OBTAIN A REQUIRED SIGHT/STOPPING DISTANCE, 

m (FT)] 



speed 
km/It 

(mph) 


Sight/ 
Hopping 
distance 
m 


1 


2 


3 


4 


5 


6 


7 


•ce, % 

a 




12 
(20] 


13.0 
(110) 


• 


- 


- 


■ 


• 


- 


6.0 
(20) 


13.5 
(45) 




40 

(25) 


45 
(150) 


■ 


- 


- 


- 


6.0 
(20) 


20.1 
(67) 


30.0 
(100) 


37 5 
(125) 




48 

(30) 


60 

(200) 


• 


- 


■ 


153 
(51) 


36.0 
(120) 


50.1 
(167) 


60.0 
(200) 


68.7 
(229) 




96 

(35) 


75.0 
(250) 


• 


- 


102 
(34) 


450 
(150) 


66.0 
(220) 


80.4 
(268) 


93.9 
(313) 


107.4 
(358) 




64 

(40) 


90.0 

(100) 


192 
(64) 


387 
(129) 


579 
(193) 


77.4 
(258) 


96.3 
(321) 


115.8 
(386) 


135.3 
(451) 


154.5 
(515) 




72 

(45) 


112.5 
(375) 


30.3 
(101) 


603 
(201) 


90.6 
(302) 


120.6 
(402) 


150.9 
(503) 


181.2 
(604) 


211.2 
(704) 


241.5 
(805) 




(50) 


"so" 


43 5 
(145) 


87.0 
(290) 


130.5 
(435) 


173.7 
(579) 


217.2 
(724) 


260.7 
(869) 


3042 
(1014) 


347.7 
(1159) 




SO 

(50) 


165.0 
(550) 


648 
(216) 


129.6 
(432) 


194 7 
(649) 


259.8 
(866) 


325.2 
(1084) 


389.4 
(1298) 


4545 
(1515) 


519.3 
(1731) 








» 


10 


11 


12 


13 


14 


15 


16 








19 5 
(65) 


24 
(80) 


27.9 
(93) 


31 2 
(104) 


33.9 
(113) 


36.3 

(121) 


390 
(130) 


-11 1 

(138) 








43.2 
(144) 


48.3 
(161) 


5 13 
(177) 


57 9 
(193) 


627 
(209) 


67.5 
(225) 


72.3 
(241) 


77 1 
(257) 








77 1 
(257) 


35.8 
(2B6) 


94.5 
(315) 


102.9 
(343) 


111.6 
(372) 


1203 
(401) 


128.7 
(429) 


137.4 
(458) 








120.6 
(402) 


134.1 
(447) 


1476 
(536) 


1608 
(581) 


174.3 
(626) 


187.8 
(671) 


201.3 
(492) 


214.5 
(715) 








173.7 
(579) 


193.2 
(644) 


231.9 
(708) 


251.1 
(773) 


270.3 
(837) 


289,3 
(901) 


212.4 
(966) 


309.0 
(1030) 








271.5 
(905) 


301 8 
(1006) 


331 8 
(1106) 


362.1 
(1207) 


392 4 
(1308) 


422.4 
(1408) 


452.7 
(1509) 


482.7 
(1609) 








391.2 
(1304) 


434.4 
(1448) 


521.4 
(1593) 


5649 
(1738) 


608.4 
(1883) 


651 9 
(2028) 


4779 
(2173) 


695.4 
(2318) 








584.1 
(1947) 


649.2 
(2164) 


714.0 
(2380) 


779.1 
(2597) 


843 9 
(2813) 


908 7 
(3029) 


973 8 
(3246) 


1038 6 
(3462) 








17 


IS 


« 


20 


21 


22 


23 


24 


2S 






44 1 
(147) 


468 
(156) 


49.2 
(164) 


51.9 
(173) 


54.6 
(182) 


57.0 
(190) 


59.7 
(199) 


62.4 
(208) 


64.8 
(216) 






81 9 

(273) 


870 
(290) 


91.8 
(306) 


966 
(322) 


101 4 
(338) 


1062 
(354) 


1110 

(370) 


115.8 
(386) 


1206 
(402) 






145.8 
(486) 


154.5 
(515) 


163.2 
(544) 


171.6 
(572) 


180.3 
(601) 


188.7 
(629) 


197.4 
(658) 


206.1 
(687) 


214.5 
(715) 






228.0 
(760) 


241.5 
(805) 


254.7 
(849) 


2682 
(894) 


281.7 
(939) 


295.2 
(934) 


308.4 
(1028) 


321 9 
(1073) 


3354 
(1118) 






328.2 
(1094) 


347.7 
(1159) 


366.9 
(1223) 


384.0 
(1288) 


405.6 
(1352) 


424.8 
(1416) 


444.3 
(1481) 


463.5 
(1545) 


507 
(1609) 






513.0 
(1710) 


543.3 
(1811) 


573.3 
(1911) 


603 6 
(2012) 


633 6 
(2112) 


663 9 
(2213) 


6942 
(2314) 


724.2 
(2414) 


754.5 
(2515) 






738.6 
(2462) 


7B2.1 
(2607) 


825.6 
(2752) 


869.1 
(2897) 


912.6 
(3042) 


956.1 
(3187) 


999.6 
(3332) 


1042.8 
(3476) 


1086.3 
(3621) 






11034 
(3678) 


1168 5 
(3895) 


1233 .3 
(4111) 


1298.4 
(4328) 


1363.2 
(4544) 


1428.0 
(4760) 


1493 1 
(4977) 


15579 
(5193) 


1622.7 
(5409) 



Time-Saver Standards tor Landscape Architecture 



342-20 



Table 342-20. VERTICAL CURVE LENGTHS (L) NECESSARY TO OBTAIN THE FOLLOWING PASSING SIGHT 
DISTANCES, [AA (FT)] 



Design 


Passing 

sight 
distance 


1 


% 


3 


4 


3 riii c afire r 

5 


ence, Si 
6 


T 


I 


9 


10 


48 


330.0 




165 


330.9 


441.3 


551 7 


662.1 


772.5 


DOT . 


yyj.u.o 






\ 1 ILaJJ 






M -in^i 

I I I UJ } 


I IH/ I 1 


(1339) 


(2207) 


(2575) 


(2942) 


(3310) 


(3678) 


64 


450.0 




406.5 


615.6 


820 8 


1025.7 


1230.9 


1436.1 


1641.3 


1846.5 


2051.7 


(40) 


(1500) 




(1355) 


(2052) 


(2736) 


(3419) 


(4103) 


(4787) 


(5471) 


(6155) 


(6839) 


80 


540.0 


93.0 


591 


886.2 


1181 7 


1477.2 


1772.7 


20682 


2363.4 


2658.9 


2954.4 


(50) 


(1800) 


(310) 


(1970) 


(2954) 


(3939) 


(4924) 


(5909) 


(6894) 


(7878) 


(8863) 


(9848) 


96 


630.0 


273.0 


804.3 


1206.3 


1608 3 


20106 


2412.9 


2814.9 








(60) 


(2100) 


(910) 


(2681) 


(4021 ) 


(5361) 


(6702) 


(8043) 


(9383) 








104 


690.0 


393.0 


964.8 


1447 2 


1929.6 


2412.0 


2894.1 










(65) 


(2300) 


(1310) 


(3216) 


(4824) 


(6432) 


(8040) 


(9647) 











o 

3 

o 

u 
I 



PLANE CROSS-SLOPE 
I* 



fARAEWLIC CROSS-SLOPE 



Figure 342-28. Pavement crowns. 

4.2 General Layout of Parking Areas 

A major consideration in the design of any 
parking area is simplicity. Parking areas 
should not be complex or designed in such 
a manner as to test a driver's patience. 

The three basic dimensions of any park- 
ing layout are: (1) the length and width of 
car stalls, (2) the width of aisles, and (3) the 
angle between car stall and aisle. Aisle 
width is related to stall width and angle of 
stalls. With a wider stall, it is possible to use 
a slightly narrower aisle. 



5.0 PAVEMENTS AND CURBS 



This section does not include detailed infor- 
mation on the construction of various 
pavements and curbs. Specific information 
on the design and construction of these 
elements is included In Sections 820: 
Asphalt and 830: Concrete. Division 900: 



Details and Devices, includes representative 
detail drawings of various pavements and 
curbs. 

This section includes general information 
on pavements and curbs, including infor- 
mation on the advantages and disadvan- 
tages of various types of pavements. 

5.1 Pavements: General Considerations 

Pavements for vehicular use are generally 
divided into two main categories, rigid 
pavements and flexible pavements. The 
two vary in terms of construction methods, 
durability, and cost. 

Rigid Pavements: 

Rigid (e.g., concrete) pavements have a 
high compressive strength, which tends to 
distribute the load over a relatively wide 
area. 

The advantages of properly constructed 
rigid pavements include: 

1 . Low maintenance costs. 

2. Long life, with extreme durability. 

3. High value as a base for future 
resurfacing with asphalt. 

4. Load distribution over a wide area, 
therefore decreasing base and sub- 
grade requirements. 

5. Ability to be placed directly on poor 
soils. 

6. No damage from oils and grease. 

7. Strong edges. 

The disadvantages of rigid pavements 
include: 

1. High initial costs. 

2 Joints required for contraction and 
expansion. 

3. A generally rough riding quality. 



4. Expensive to repair. 

Rigid Pavement Design Considerations: 

To arrive at the proper design of rigid con- 
crete pavements, the following factors 
must be considered: 

1 Wheel loads. 

2. Subgrade (modulus of subgrade 
reaction). 

3. Protected or unprotected corners. 

4. Uniform or thickened edge. 

5. Quality of concrete (flexural 
strength) 

Pavement Subgrade: The subgrade soils 
must be of uniform material and density to 
provide satisfactory pavement perfor- 
mance. The supporting power of the sub- 
grade is expressed as values of K, the mod- 
ulus of subgrade reaction. 

Protected or Unprotected Corners: Since 
joints are required for concrete paving 
because of expansion and contraction, the 
strength of the pavement will be lost 
between separate slabs. Protected corners 
are those at which provision is made for 
transferring at least 20 percent of the load 
across the intervening joints by means of 
aggregate interlock, dowels, or keys. 
Unprotected corners are those at which 
there is not adequate provision for load 
transference. 

Pavement Joints: Joints are always nec- 
essary in rigid pavements (1) to permit 
expansion and contraction of the concrete 
due to temperature and moisture changes, 
(2) to relieve warping and curling stresses 
which result from temperature and mois- 
ture gradients within the slab, and (3) as a 
construction expedient to separate areas of 
concrete placed at different times. 
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Table 342-21. MINIMUM SAC VERTICAL CURVE LENGTHS (L) NECESSARY TO OBTAIN LIGHT BEAM 
DISTANCE [M (FT)] 



Sight/ 



km/h 



distance 





(ft) 


1 




3 


4 


5 


6 


t 


a 


■ 


10 


32 


33.0 




- 


- 


72 


18.9 


26.7 


32.4 


36.9 


41,4 


46.2 


(20) 


(110) 




■ 




(24) 


(63) 


(89) 


(108) 


(123) 


(138) 


(154) 


40 


45.0 




- 


■ 


20 7 


345 


43 8 


51.0 


585 


65.7 


72.9 


(25) 


(150) 




* 




(69) 


(115) 


(146) 


(170) 


(195) 


(219) 


(243) 


48 


60.0 




- 


9.9 


37.5 


54.0 


65.4 


76.5 


87.3 


98.1 


109.2 


(30) 


(200) 




■ 


(33) 


(125) 


(180) 


(218) 


(255) 


(291) 


(327) 


(364) 


56 


75.0 


- 


- 


22.5 


54.3 


73.5 


88.2 


102.9 


1176 


132.3 


147.0 
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(408) 


(631 ) 


(790) 


(948) 


(1 106) 


(1264) 


(1421) 


(1579) 






11 


13 


13 


14 


IS 


16 


17 


18 


19 


20 


32 


33.0 


51.0 


55.5 


60.0 


64.8 


69.3 


74.1 


78.6 


83.1 


87.9 


92.4 


(20) 


(110) 


(170) 


(185) 


(200) 


(216) 


(231) 


(247) 


(262) 


(277) 


(293) 


(308) 


40 


45.0 


804 


87.6 


948 


102 3 


1095 


1167 


124 2 


131.4 


138 6 


145.8 


(25) 


(150) 


(268) 


(292) 


(316) 


(341) 


(365) 


(389) 


(414) 


(438) 


(462) 


(486) 


48 


60.0 


120.0 


130.8 


141.9 


152.7 


163.5 


174.6 


185.4 


196.5 


207.3 


218.1 


(30) 


(200) 


(400) 


(436) 


(473) 


(509) 


(545) 


(582) 


(618) 


(655) 


(691) 


(727) 


56 


75.0 


1617 


176.4 


191 1 


205 8 


220.5 


235.2 


249.9 


264 6 


279.3 


294,0 


(35) 


(250) 


(539) 


(588) 


(637) 


(686) 


(735) 


(784) 


(833) 


(882) 


(931) 


(980) 


64 


90.0 


204 9 


223.5 


242.1 


260.7 


279.3 


297 9 


316.5 


335.1 


353 7 


372.3 


(40) 


(300) 


(683) 


(745) 


(807) 


(869) 


(931) 


(993) 


(1055) 


(1117) 


(1179) 


(1241) 


72 


1125 


270.9 


295.5 


3204 


3450 


369.6 


394.2 


418.8 


443.4 


468 


492.6 


(45) 


(375) 


(903) 


(985) 


(1068) 


(1150) 


(1232) 


(1314) 


(1396) 


(1478) 


(1560) 


(1642) 


80 


135.0 


338 4 


369.0 


399.9 


430.5 


461.4 


492.3 


522.9 


5538 


584.4 


615.3 


(50) 


(450) 


(1128) 


(1230) 


(1333) 


(1435) 


(1538) 


(1641) 


(1743) 


(1846) 


(1948) 


(2051) 


88 


1650 


429 3 


468 3 


507.3 


546.6 


585.6 


624.6 


663.6 


702.6 


741.6 


780.6 


(55) 


(550) 


(1431) 


(1561) 


(1691) 


(1822) 


(1952) 


(20B2) 


(2212) 


(2342) 


(2472) 


(2602) 


96 


1950 


521.1 


568.5 


615.9 


6633 


710.7 


758 1 


805 5 


852.9 


900.0 


947 7 


(60) 


(650) 


(1737) 


(1895) 


(2053) 


(2211) 


(2369) 


(2527) 


(2685) 


(2843) 


(3000) 


(3159) 



o 



u 

i- 

3 

IBB 



CM 

m 



Time-Saver Standards tor Landscape Architecture 



342-22 



o 



3 

o 

■ — » 

I 

no 




UNCHANNELIZED T 



FL-ARECTT' 




T WITH TURNING R0APWAY6 





UNCHANNE IZEDV 

3-LEG INTERSECTIONS 



T WITH TURNING ROADWAYS 




UNCHANNELIZED 

4-LEG INTERSECTIONS 




FLARED 



CHANNEl'-ZED 



1 




MULTI-LEGGED INTERSECTION 



ROTARY OR CIRCLE INTERSECTION 



— Figure 342-29. 



The three basic types of joints used in 
rigid pavements are (1) contraction joints, 
which are used to provide controlled con- 
traction cracking; (2) construction joints, 
which are provided to separate areas of 
concrete placed at different times; and (3) 
expansion joints, which are provided for 
the relief of forces resulting from thermal 
expansion of the pavement. Expansion 



ible pavement is a result of building up 
thick layers and thereby distributing the 
load over the subgrade, rather than the 
surface material assuming the structural 
strengths as with rigid pavements. 

The advantages of flexible pavements 
include: 

1. Adaptability to stage construction 

2. Availability of low-cost types which 
can be easily built. 

3. Ability to be easily opened and 
patched. 

4. A generally low initial cost 

5. Easy repair of frost heave and set- 
tlement 

6. Resistance to the formation of ice 



joints also permit unrestrained differential 
horizontal movement of adjoining pave- 
ments and/or structures. 

Flexible Pavements: 

Flexible pavements consist of a series of 
layers, with the highest-quality materials at 
or near the surface The strength of a flex- 



The disadvantages include: 

1. Higher maintenance costs 

2. Shorter life span under heavy use 

3 Damage by oils and certain chemi- 
cals 

4. Weak edges that may require curbs 
or edge devices 

Principles of Flexible Pavement Design: 

The design of a flexible pavement employs 
the principle that a load of any magnitude 
may be dissipated by carrying it deep into 
the ground through successive layers of 
granular material. This is because the inten- 
sity of a load diminishes in geometrical pro- 
portion as it is transmitted downward from 
the surface, by virtue of spreading over an 
increasingly larger area. Because of this, 
materials with a progressively lower bear- 
ing value may be employed as the depth 
increases. 

There are various methods employed to 
determine the thickness required for flexi- 
ble pavements. Refer to Section 820: 
Asphalt, for a description of the thickness 
design procedure. 

5.2 Shoulders: General Considerations 

A shoulder is the portion of a roadway con- 
tiguous with the pavement for (1) accom- 
modation of stopped vehicles in emergen- 
cies and (2) lateral support of base and sur- 
face courses. 

Well-designed and properly maintained 
shoulders on roads, where appreciable vol- 
umes of traffic exist, may serve one or more 
of the following purposes: 

1 . Space is provided for stopping free 
of the traffic lane 

2. Space is provided for the occasional 
motorist who desires to stop to 
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consult road maps, to rest. etc. 

3. Space is provided to escape poten- 
tial accidents or to reduce their 
severity. 

4. Horizontal sight distance may be 
improved in cut sections and may 
thus reduce hazards. 

5. The capacity of the highway may 
be improved, encouraging uniform 
speeds. 

6. Space is provided for maintenance 
operations. 

7. Stormwater can be discharged far- 
ther away from the pavement, and 
seepage adjacent to the pavement 
is minimized. 

8. Structural support is given to the 
pavement, which is especially im- 
portant for flexible pavements. 

Shoulder Widths: 

Shoulders should be designed wide enough 
to allow a stopped or disabled vehicle to 
pull entirely off the road (Table 342-28). 
Their surface treatment should sustain the 
weight of vehicles in all seasons. Most fre- 
quently, this can be accomplished by the 
use of well-drained soil mixed with aggre- 
gate that has been compacted and, where 
appropriate, seeded with grass or other 
types of low-growing ground cover. 

Shoulder Cross Slopes: 

Table 342-29 gives recommended cross- 
slopes for roadway shoulders. 



Figure 342-30. Horizontal alignment at intersections. 



Table 342-22. MINIMUM WIDTHS FOR TWO-LANE ROADS, MM (FT) 



Design speed, 
(mph) 


ADT*, 


ADT, 

aso-400 


ADT, 


DMVt 


OHV, 
over 400 


48 


6 000 


6000 


6 000 


6 600 


7 200 


(30) 


(20) 


(20) 


(20) 


(22) 


(24) 


64 


6 000 


6 000 


6 600 


6 600 


7 200 


(40) 


(20) 


(20) 


(22) 


(22) 


(24) 


80 


6 000 


6000 


6600 


7 200 


7 200 


(50) 


(20) 


(20) 


(22) 


(24) 


(24) 


96 


6000 


6600 


6 600 


7 200 


7 200 


(60) 


(20) 


(22) 


(22) 


(24) 


(24) 


104 


6000 


6 600 


7 200 


7 200 


7 200 


(65) 


(20) 


(22) 


(24) 


(24) 


(24) 


112 


1.IH.K1 


6600 


7 200 


7 200 


7 200 


(70) 


(20) 


(22) 


(24) 


(24) 


(24) 


•ADT average daily traffic. 












t OHV future design hourly mlurrw 
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Driveways (residential;) 

Minor residential streets 
No parking 
Parking on one side 

Ma)or residential streets 
No parking 
Parking on one side 

Streets with truck traffic 

Recreational sites 

Heavy vegetation 
Rough terrain 
Scenic drives 

Industrial areas 



Table 342-23. RECOMMENDED PAVEMENT WIDTHS (BY TYPE OF USE) 



2 100-3 000 (7-10) 

6 000-7 200 (20-24) 

7 800-8 400 (26-28) 

4 800-7 200 (16-24) 

8 400-9 600(28-32) 
7 200-7 800 (24-26) 

5 400-6 600(18-22) 

5 400-6 600(18-22) 

6 000-7 200 (20-24) 

7 200 (24) minimum 
(no parking) 



Table 342-24. RECOMMENDED 
CROSS-SLOPES FOR VARIOUS TYPES 
OF PAVEMENTS 



High 



• Rigid (concrete) 

• Asphaltlc concrete 

• Planl mix 



Intermediate 

• Plant mix 

Low 



• Road mix 

• Macadam 

• Surface treatment 

• Untreated surface 



mm/m 
(i„/H) 

10.7-21.3 
(1/8-1/4) 



16.0-31.7 
(3/16-3/8) 

21.3-42.3 
(1/4-1/2) 



Table 342-25. MINIMUM RADII FOR INTERSECTION CURVES 



Design (turning) speed V. km/h 
(mph)* 


24 
(15) 


32 
(20) 


40 
(25) 


48 

(30) 


56 
(35) 


64 
(40) 


Side friction factor, F 


0.32 


0.27 


0.23 


0,20 


0.18 


0.16 


Assumed minimum superelevation, fc 


0.00 


0.02 


0.04 


0.06 


0.08 


009 


Total, E + F 


0.32 


0.29 


0.27 


0.26 


0.26 


0,25 


Calculated minimum radius R, mm 
(ft) 


14 100 
(47) 


27 600 
(92) 


46 200 
(154) 


69 300 
(231) 


94 200 
(314) 


127 800 
(426) 


Suggested curvature for design: 

Radius maximum, mm 
(ft) 


15 000 
(50) 


27 000 
(90) 


45 000 

(150) 


69 000 
(230) 


93 000 
(310) 


129 000 
(430) 


Degree of curve maximum 




64 


38 


25 


18 


13 


Average running speed, km/h 
(mph) 


4 200 
(14) 


5400 
(18) 


6 600 

(22) 


7 800 

(26) 


9000 
(30) 


10 200 
(34) 



For design speeds of more lhan 40 mpti, use values fof open highway conditions 
Source, Courtesy of AASHTO. 
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Table 342-26. INTERSECTION SAFE 
STOPPING DISTANCES 



Design 



■IB 


600 


(30) 


(200) 


64 


82.5 


(40) 


(275) 


80 


1050 


(50) 


(350) 


96 


142.5 


(60) 


(475) 


112 


1800 


(70) 


(600) 
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Figure 342-31. Intersection grades. Figure 342-32. Sight triangle at inter- Figure 342-33. Sight distance at con- 
trolled intersection. 



Table 342-27. MINIMUM SIGHT DISTANCES (IN FEET) NECESSARY ALONG HIGHWAY FROM INTERSECTION 



Major highway design speed, knt/h (mph) 



Type of Hlhh 
stopped 


48 
(30) 


64 

(40) 


80 
(50) 


96 

(60) 


l 


1 

(70) 


Passenger vehicle 

• Two-lane highway 


90 
(300) 


120 
(400) 


150 
(500) 


180 
(600) 




210 
(700) 


• Four- lane highway 


105 
(350) 


143 
(475) 


180 

(600) 


210 
(700) 




248 

(825) 


Single-unit vehicle 

• Two-lane highway 


120 
(400) 


165 
(550) 


203 
(675) 


240 
(800) 




285 
(950) 


• Four-lane highway 


143 
(475) 


188 
(625) 


233 
(775) 


278 
(925) 




323 
(1075) 


50-ft design vehicle 

• Two-lane highway 


158 
(525) 


210 
(700) 


263 
(875) 


315 
(1050) 




368 
(1225) 


• Four-lane highway 


180 

(600) 


233 
(775) 


293 
(975) 


353 
(1175) 




413 
(1375) 



* 12-ft lanes with level conditions 



Table 342-28. RECOMMENDED SHOULDER WIDTHS 



Type of 



mm (ft) 



Heavily traveled 

High-speed 

Low-type 

In difficult terrain 



3 000 (10) minimum. 3 600 (12) 
desirable 

1 200 (4) minimum. 1 800-2 400 (6-8) 
desirable 



C 

o 

5.3 Curbs: General Considerations -— 



The type and location of curbing will affect 
driver behavior and. in turn, the safety and 
utility of a roadway. Curbs are used: 

1 . To control drainage. 

2. To ad as a deterrent to vehicles 
leaving the pavement at hazardous 
points. 

3. To present a more finished appear- 
ance 

4. To stabilize the road edge in flexible 
pavements. 
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Table 342-29. RECOMMENDED SHOULDER CROSS-SLOPES 



Typeo* 



No pavement edge curbs 



• Bituminous 

• Gravel or crushed stone 

• Turf 



With shoulder curbs at 
pavement edge 



• Bituminous 

• Gravel or crushed stone 
■ Turf 



mm/m 
(in/ft) 



31.7-42J 
(3/8- l /J) 
10.6-63 5 
(1/8-3/4) 
84.7 
(1) 



21 2 
(1/4) 

21 2-42 3 
(1/4-1/2) 

31.7-42.3 
(3/8-1/2) 



m/m 
(tt/tt) 



0.03-0.04 
(0.03-0.04) 

04-0.06 
(004-0.06) 
0.08 
(0.08) 



0.02 
(0.02) 

0.02-0.04 
(0.02-0.04) 

0.03-0.04 
(0 03-0.04) 




175 



CONCRETE RAMP CURB 



CONCRETE GUTTER 



VERTICAL CURB 



ASPHALT BERM 



CONCRETE f.Mt •t.-um« 




ASPHALT SLOPE 



STONE OR CONCRETE 5L0PE CURB 
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Types of Curbs: 

Two general classes of curbs are barrier and 
mountable, and each class includes numer- 
ous types (Figure 342-34). Each may be 
designed as a separate unit or integrated 
with the pavement. Barrier and mountable 
curbs may be designed with a gutter to 
form a combination curb-and-gutter sec- 
tion (Figure 342-34). 

Barrier Curbs: Barrier curbs are relatively 
high and steep-faced, designed to restrict 
or at least to discourage vehicles from leav- 
ing the pavement. They are usually 150 
mm (6"> or more in height, with a sloping 
face not exceeding 25 mm per 75 mm (1 in 
per 3 in) of height. 

Curbs used for pedestrian islands should 
be made with heights between 125 and 
175 mm (5 and 7 in). 

Mountable Curbs: Mountable curbs 
refer to curbs that can be mounted by 
automobile tires. 



Curb Materials: 

Concrete: Concrete is probably the most 
common material used for both barrier and 
mountable curbs. Concrete curbs are 
durable and relatively easy to construct. 

Asphalt: Asphalt is frequently used for 
curbing, especially in parking areas where 
they can be curved for islands They are 
economical, easy to construct, and avail- 
able in a variety of cross sections. 

Granite: Granite curbs are not as fre- 
quently used as asphalt or concrete in most 
parts of the world, but in areas where gran- 
ite is quarried, it is commonly used and is 
often no more expensive than concrete. 
Granite curbs are far more durable than 
concrete. 
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1.0 INTRODUCTIOr 



An earth retaining structure is a land- 
scape device used to accommodate 
abrupt grade changes which exceed 
the natural angle of repose of the existing 
soil (usually 33 to 37 degrees, or about 1 to 
1.5). These devices include not only wall 
structures, but also embankment reinforc- 
ing structures such as rip-rap stone, fiber 
matting, and highly fibrous rooted plants. 
All such devices, regardless of their materi- 
al, or shape, must be able to withstand 
earth pressures, and other related factors 
which typically cause structural failure, such 
as vehicle loading, highway vibration (i.e., 
live loading), and effects of extreme mois- 
ture conditions (e.g., heaving due to swell- 
ing and frost/thaw cycles) 

1.1 Use of Retaining Structures 

Typical structures are designed to accommo- 
date one or more of the following purposes: 

1 . Protect steep slopes from erosion, 
either as an existing condition or as a 
mitigating strategy due to construc- 
tion alterations (Figure 410-1). 

2. Protect specimen tree stands from fill 
or cut conditions (Figure 410-2). 

3 Facilitate vertical circulation at steps 
or ramp structures (Figure 410-3). 

4. Facilitate vehicular access in steeply 
sloping wooded sites, such as parks, 
camping areas, or private residences 
(Figure 410-4). 

5. Maximize potential for development 
and/or building area to accommodate 
an extensive design program for 
schools, play fields, outdoor theaters, 
art galleries, etc. (Figure 410-5). 

6. Extend the architecture of a building 
into the site and to express its func- 
tioning levels (Figure 410-6). 

7. Accommodate grade changes when 
limited space prohibits non-structural 
grading solutions (e.g., at property 
lines, or existing buildings and speci- 
men trees). 

8. Achieve an integrated visual appear- 
ance of the proposed development in 
relation to the existing site and sur- 
rounding development or context. 

Compared to other forms of earth 
retaining devices, walls can be five to six 
times more expensive than engineered 
earth embankments, rip-rap embankments, 
or bio-engineered embankments, and 




EMBANKMENT 



Figure 410-1. Retaining structures for steep slope protection. 




Figure 410-2. Retaining 




Figure 410-3. Retaining wails to facilitate ramp and step access. 
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Figure 410-6. Retaining 



to extend architecture into the site. 



should be considered to be a long-term 
investment often involving matters or safe- 
ty and legal liability. Table 410-1 illustrates 
the continuum of devices suitable for 
embankment stabilization and retention. 

1.2 Design Parameters 

This section provides typical designs and 
standards for retaining walls that may be 
modified to accommodate specific soil 
characteristics and the requirements of 
structural mechanics. The designs and stan- 



dards provided for retaining walls are limit- 
ed to a maximum height of 3 000 mm (10 
ft), including depth to foundation. 
Retaining structures above 3 000 mm (10 
ft) in height, have numerous variables 
affecting their design (soils, pressures, 
foundation, and construction materials) 
and are assumed to be too complex to be 
solved with the formulas used in this sec- 
tion. A structural engineer should be con- 
sulted, when faced with designing struc- 
tures of greater size or complexity. 



Parameters for retaining walls illustrated 
in this Section are listed below: 

Heights: All retaining walls and devices 
(unless otherwise noted) are for a maxi- 
mum height (H) of 3 000 mm (10 ft). 

Loading: All walls will permit only a 600 
mm (2 ft) surcharge without danger of 
overturning except for timber crib walls 
which are at their limits 

Bearing: The maximum soil bearing 
pressure is assumed to be 16 750 kg/m 2 
(1.5 tons/ft 2 ). 

Depth: The foundation depth in rigid 
construction (D) should extend to 600 mm 
(2 ft), or in frost conditions should extend 
below the frost depth according to local 
practice (typically top of footing is set at 
frost depth so that base of footing is pro- 
tected by the footing thickness). 

Strength: The compressive strength of all 
concrete is assumed to be 17 238 kPa 
(2,500 pounds per square inch [psi]), and 
the tensile strength of the steel reinforce- 
ment is 10 896 kg (24,000 lbs). 

Joints: Expansion joints, when needed, 
should be placed every 9 000 mm (30 ft) or 
less. 

NOTE: When structures have live loads, 
surcharges higher than 600 mm (2 ft), or 
poor foundations, a structural engineer 
experienced with the design of retaining 
walls should be consulted. 

1.3 Design Process 

The physical dimensions of a retaining 
structure are determined by total grade 
change height, and soil characteristics 
which affect soil weight, angle of repose, 
and permeability. Therefore, the design of 
any retaining structure begins with a care- 
ful soil analysis and a clear understanding 
of appropriate application options with 
regard to structural types, materials, and 
local climate variables. 

The design process for retaining struc- 
tures typically includes the following tasks: 

1. Study the necessity and feasibility of a 
structural approach by exploring non- 
structural solutions first, and by calcu- 
lating installation and long-term 
maintenance costs. 

2. Determine the type of structure 
required for a particular application 
with regard to: 

a). Magnitude of loads and soil bear- 
ing capacity 
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Table 410-1. RETAINING STRUCTURE CLASSIFICATION AND EVALUATION MATRIX 



Type 


Objective 


Short/Long 


Maintenance 


Construction 


Life Expectancy 


Reinforced Embankment (A): 


Turf (fiber mat, 
sod, or seed) 


Stabilize 
cut/fill 


Low/High 


Mowing costs 
higher with 1:2 
or 1 1.5. 1:3 
pref 


1:2 max., avoid sheet 
runoff, use check 
swale at top 


Moderate to 
Long 


Rip-rap Stone 
aia.QO mop °CT 


6' 

? 


Stabilize 
steep 

erosible soil 
banks 


Low/Low 


periodic 
patching and 
debris removal 


1:1.5 max., Use check 
swales at top and 
place on aggregate 
base and fabric for 
strength 


Moderate to 
Long 


Placed Stone or 
Masonry 

y.w 




Stabilize 
short slopes 
with higher 
finish 


Mod /Low 


periodic 
weeding and 
edge repair 


1:1.5 max,, requires 
granular subbase on 
fabric and heavy 
aggregate at base 


Moderate to 
Long 


Cast Concrete 


. — r— U 


Clad very 
steep short 
slopes (warm 
climates) 


Mod /Low 


Very Low 


1:1 max. Requires 
aggregate subbase 
and footing at base 
for bearing, sealed 
expansion pints, 
weep holes if wet 


Moderate to 
Long 


Reinforcement^ ^^^^^^^ 
^ — — 


Stabilize 
banks in 
natural 
settings in 
high moisture 
zones 


Low/Low 


Requires 
periodic 
trimming to 
stimulate roots 


1:1.5 max., Short 
slopes, fibrous 
rooted shrub 
stripplings bunched in 
stacked layers of 
logs or jute rolls 


Short to 
Moderate 
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Table 410-1. RETAINING STRUCTURE CLASSIFICATION AND EVALUATION MATRIX (continued) 





Type 


Objective 


Cost: 
Short/ Long 


Maintenance 


Construction 


Life Expectancy 


Unit and Stack wall Systems (B>: 













Dry Laid Stone 




Gabions 




Precast Stack Units 



Cribbing and Bins 



cribbing 




Low walls in 

garden 

settings 



Utilitarian 
quickly 
constructed 
walls 



small to high 
walls for 
garden to 
highway 



high 

utilitarian 
walls 



Mod /Mod 



Mod 7 Low 



Mod./Low 



Mod /Low 



Periodic 
resetting of 
stones at top 
of wall 



Periodic 
inspection and 
stapling of wire 
fabric, repair 
top dressing 



split face 
masonry may 
be susceptible 
to salt spray 
and extreme 
freeze/thaw 



Periodic 
inspection and 
top dressing 
determined by 
material 
used 



Requires batter and 
shallow aggregate 
base 



Requires 6° batters 
for tall walls, or 
staggered face, 
requires aggregate 
leveling base course 
and fabric separator 
at back edge of 
backfill in fine soils 



3-6 batter for split 
face masonry, 
vertical face for 
heavy precast "T" 
type, lateral fabric 
required for walls, 



Typically set at 3-6° 
batter with fabric at 
base and outer 
backfill edge, bins 
may require back 
drains, wood only 
for temporary walls 



Moderate to 
Long 



Moderate to 
Long 



Moderate to 
Long 



Moderate to 
Long 



Retaining Walls (C): 



Gravity 




Cantilever 









J 1 


1- 





Low to 
moderate 
walls with 
high finish 



Moderate to 
high walls 
with many 
finish options 



High /Low 



High /Low 



Periodic grading 
at top of wall 
if required 



Periodic grading 
at top of wall 
and cleaning 
of face 



May require back 
drainage and 
separator fabric at 
backfill edge, rigid 
requires keyed 
expansion joints 



Requires large 
excavation and 
formwork with steel 
reinforcing, 
significant back 
drainage, and 
expansion joints 



Long 



Long 



J/J 

1 

CUD 
C 

"c 
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Table 410-2. SOIL TYPES AND THEIR PROPERTIES (Unified Soil Classification). 





Symbols 




value as ji 






Division 


Letter 


Color 


Soil Description 


Foundation 
Material- 


Frost 
Action 


Drainage 


Gravel and 
gravelly soil* 


< ;w 

CP 


Red 

Hed 


Well graded gravel, nr gravel sand mixture, little or no fines 
Poorly graded gravel, of gravel-sand mixtures, little or no lines 


Excellent 
' I 


None 
None 


Excellent 
Excellent 




CM 


Yellow 


Silty gravels, gravel sand sill mixtures 


Good 


Slighl 


Poor 




GC 


Yellow 


Clayey-gravels, gravel-clay sand mixtures 


Good 


Slighl 


Poor 


S.inrl and sandy 
soils 


SW 
SP 


Red 
Red 


Well-graded sands, or gravelly sands, little or no lines 

■'ruirl.- ir ni*-r4 cinrlt nr iir ,.ll- iii^Ii LtlL* jn m » tu- 


Good 
r air 


None 
None 


Excellent 
t xi ellen! 




SM 


Vellow 


^ilK 1 ■L.ir'ifK v.iiwl <>ilt mivlnrf*c 

Tilly 1 ' 1 1 ' J T T ' ■ 1 11 ■ >lll l|ll"illJtt , T 


Fair 


Li' 

ll;h 


tair 




sc 


Yellow 


Clayey sands, sand clay mixtures 


Fair 


Medium 


Poor 


Sills arid days LL 
<50t 


Ml 
CL 


Green 
Green 


Inorganic silts, rock Hour, silty or clayey line sands, or clayey 

silts with slight plastic ity 
Inorganic clays ol low to medium plasticity, gravelly rlavs, 

silty clays, lean clays 


Fair 
Fair 


Very high 
Medium 


Poor 

Impervious 




Ul 


Green 


Organic sill-clays ill low plasticity 


Poor 


High 


lm|iervKjus 


5tlts .inrl c lays LL 

>50 


MH 


Blue 


Inorganic sills, micaceous or dialomaceous line sandy or silly 
soils. elastiL silts 


Poor 


Very high 


Poor 




CH 


Blue 


Inorganic claysol high plasticity, fat clays 


Very poor 


Medium 


Impervious 




OH 


Blue 


Organic clays ol medium to high plaslicily, organic silts 


Very poor 


Medium 


Impervious 


Highly organic 
soils 


Pt 


Orange 


Peat and olhet highly organic soils 


Not suitable 


Slighl 


Poor 



" Consult soil engineers and local building codes lor allowable soil-bearing capacities, 
t II indicates liquid limit. 

Sourer: Douglas S. Way, Imam Ana/ysu: A Guide to Site StttttKm Uung Photographic Interpretation. Douglas V Way. Columbus. Ohio. 1072. 



Selection criteria for each type are 
described in Table 4 1 0-1. 

2.1 Reinforced Embankments 

Type "A" structures include reinforced 
embankments of vegetation, geotextile 
matting, turf grids, stone, or concrete sur- 
facing. These structures are typically less 
expensive to install, require greater site 
area, and annual or periodic maintenance 
to maintain their structural integrity. Ideally, 
the rise to run ratio of an engineered 
embankment should not exceed the natur- 
al angle of repose of existing site soils, typ- 
ically assumed to be 33° (degrees). For 
practical purposes, 1:1.5 is a useful maxi- 
mum slope for masonry, stone, or other 
paved embankments. Vegetated or matted 
embankments typically require a 1:2 maxi- 
mum slope to accommodate machine or 
hand maintenance. In all cases, the 
embankment face must be protected from 
adjacent storm water run-off through the 
use of check swales at the top of the 



I 

OJD 



O 



b) . The visual consequences of using 

various materials for the intended 
use. 

c) . Access required for construction 

d) . Level of maintenance required 

3. Select specific materials and design 
strategies based on: 

a) . Integration of the proposed struc- 

ture into the site and/or with other 
site structures. 

b) . Site drainage and run -off control 

c) . Protection of existing vegetation 

and accommodating proposed 
plantings 

d) . Incorporation of safety features 

such as railings, lights, etc. as 
required. 

4. Calculate the appropriate structural 
design for the purpose and materials 
selected based on: 



a) . The static and dynamic loading 

requirements 

b) . Structural analysis at the specific 

site 

c) . Construction techniques and speci- 

fications. 



2.0 SELECTION CRITERIA FOR 
RETAINING STRUCTURES 



The selection of appropriate retaining 
structures is based on a number of factors, 
including proposed application, desired 
materials, long- and short-term costs, 
maintenance requirements, and service 
life. Structural types can be broadly cate- 
gorized as reinforced embankments, unit 
and stack wall systems, or rigid retaining 
walls. Although each structure type 
requires different methods of construction, 
all are subject to the laws of soil mechanics 
and the principles of statics in determining 
their final dimensions and proportions. 
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embankment. The embankment toe or 
base typically requires reinforcement to 
accommodate the resultant surface materi- 
al weight. 

2.2 Unit and Stack Wall Systems 

Type "8" structures are essentially flexible 
interlocking retaining walls that have a ver- 
tical face They include cribbing, precast 
stack and tie-back units, gabions, dry-laid 
stone, and timber walls. These structures 
are typically moderate in both cost and 
maintenance. The advantage of this type of 
flexible construction is that it will tolerate a 
certain amount of differential settlement 
without being significantly affected. The 
base, or footing, need not extend below 
the frost line in temperate climates if the 
prepared subgrade has sufficient porosity 
and bearing capacity. Typically, a setting 
bed of sand or granular material is used to 
improve drainage and to provide a level 
subbase. In extreme cold or expansive clay 
settings, a full depth footing may be 
required. 

With the exception of dry-laid stone or 
timber walls, unit or stack systems can 
attain heights exceeding 3 000 mm (10 ft) 
and have a moderate to long service life 
Timber construction should be used as a 
short-term material for low walls only, 
especially in cold, temperate, and humid 
regions. In most cases, these structures are 
constructed to "lean" into the slope 6° or 
more to ensure stability. Since the face 
material is coarse, vines and groundcovers 
are often applied to provide a more appeal- 
ing finish in areas adjacent to pedestrian 
circulation. 

2.3 Rigid Retaining Walls 

Type "C" structures include concrete and 
masonry Gravity walls and reinforced con- 
crete Cantilevered waJIs. These structures 
are by far the most costly retaining strate- 
gy, but have the longest life expectancy, 
and require minimal maintenance to pro- 
tect their structural integrity. Rigid con- 
struction is used where any movement of 
the structure cannot be tolerated or when 
aesthetic considerations require it. All rigid 
walls require a footing to account for local 
frost depths, seasonal soil swelling and 
other factors affecting subgrade move- 
ment Gravity walls are typically construct- 
ed of mortared stone or of solid concrete, 
while cantilevered walls are constructed of 
reinforced masonry or concrete attached to 
a continuous reinforced concrete spread 
footing. 



3.0 ELEMENTS OF RETAINING 
STRUCTURES 



3.1 Subgrade 

Ideally, the foundation should rest on a pre- 
pared subgrade with sufficient bearing 
capacity to support the estimated pressures 
of the proposed retaining structure. A pre- 
pared granular subbase should be provided 
if the subgrade requires leveling to achieve 
uniformity. A prepared granular subbase for 
drainage is not essential in rigid construc- 
tion if back drainage is provided, but it is 
essential for flexible construction to mini- 
mize freeze/thaw action. 

Properties of Soils: 

Table 410-2 shows the Unified System of 
Soil Classification and the properties of 
each soil type relevant to the design of 
retaining structures. More detailed infor- 
mation can typically be obtained in the 
United States from federal, state, or local 
government soil and geology maps 
Specific data for any site should be 
obtained through field testing (Refer to 
Section 810: Soils and Aggregates for more 
detailed information). Soils can be classified 
into two broad categories. 

Granular (Sands and Gravels): These 
soils range from fine silty sands [0.05 mm 
(0.002 in)] to large naturally graded out- 
wash deposits [50-100 mm (2-4 in)], typi- 



cally found in coastal, riverine, and glacial 
landscapes. The soil strength is determined 
by the internal angle of friction between 
the particles (Typically 33°). The soil 
strength increases with weight to the point 
of particle crushing. Its bearing capacity is 
therefore determined by its granular char- 
acteristics and crushing threshold. Granular 
soils are advantageous for construction 
purposes due to their high permeability, 
compactability, and subsequent low inci- 
dence of heaving due to moisture infusion, 
or frost/thaw action. The presence of clays 
or silts in granular soils tend to negate these 
latter characteristics. Certain glacial out- 
wash deposits, such as "bank run gravel," 
are valued because of their characteristical- 
ly low silt content, and their "natural gra- 
dations" from sand to stone. 

Colloidal (Silts and Clays): Clays are 
structurally different from granular soils, 
and depend on a constant moisture content 
for strength and stability. The clay particles 
are microscopic in size [0.001-O.005 mm 
(4x10^-2x10^ in)], and are ionically bond- 
ed by hydroscopic water. The bearing 
capacity of clays increases with the addition 
of moisture, up to its plastic limit and 
liquification point. Unlike granular soils, 
resistance to loading does not increase with 
the weight of the load because its bearing 
capacity is based on chemical bonding and 
not on mechanical friction. Clays are diffi- 
cult to work with because of swelling and 
shrinkage due to moisture fluctuations 



election Criteria 



Retaining structure design begins with a site analysis to determine clear purposes of 
grade change requirements, the most appropriate retaining strategy for the site and 
short, as well as long term budget constraints. 

1 The three basic retaining structure categories are: reinforced embankments, unit and 
stack wall systems, and rigid retaining walls. Embankments are least costly, but 
require the most space and maintenance. Rigid retaining walls are most costly, but 
provide a long service life (Refer to Table 410-1 for complete summary). 

2 With the exception of wood walls and dry-laid stone, most wall systems may 
achieve a height of 6 000 mm (18-20 ft) with proper engineering [although this sec- 
tion addresses walls only up to 3 000 mm (10 ft) in height], 

3. Paved embankments should not exceed a 1:1.5 slope for long-term stability. 
Reinforced turf embankments should not exceed a 1:2 slope if mowing is required. 
Although less expensive to construct, these embankments require greater mainte- 
nance 

A. Flexible wall structure bases need not extend below frost line, but may require a pre- 
pared aggregate base course for drainage and leveling. 

5. Rigid wall structures require footings below local frost depths and are typically 
placed directly on prepared subgrade 
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Figure 41 0-7. Average depth of frost penetration in the United States (inches). 
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Design strategies typically focus on stabiliz- 
ing moisture content. This usually involves 
heavy-duty graded aggregate sub-bases 
and backfills, which are drained by perfo- 
rated pipe and other methods of 
de-watering. 

Soil Testing: 

Three methods commonly used in field 
testing soils are: 

t, Probing with a steel bar driven by a 
hammer to determine the character of 
the soil and the depth to bedrock or 
other underground structure. 

2. Digging test pits either by hand or 
mechanically to reveal the nature of 
the soil and height of the water table. 

3. Boring by hand or with a powered rig 
to obtain samples of the soil, Borings 
made by powered rigs will provide 
solid cores, essential for determining 
the requirements of deep founda- 
tions. Normally, these are driven to a 
point where they will go no farther 
(i.e., to a point of refusal), meaning 
that they have hit bedrock or a hard- 
packed layer of earth. 

Soil tests for retaining structures should 
be made to a depth of at least 1 200 mm (4 
ft) below the proposed finish grade at the 
bottom of the structure. The core boring 
method of testing is used when the depths 
are over 4 500 mm (15 ft). Necessary labo- 
ratory analysis should be made of the sam- 
ples to determine the types and character- 
istics of each sample. 

3.2 Foundations 

The foundation for any retaining structure 
is of critical importance, playing a major 
role in the stability of the structure. Figure 
410-7 shows the average depth of frost 
penetration in the United States. Foun- 
dations for rigid retaining structures should 
be set so that the base rests below the frost 
line, with top of footing typically being set 
at the frost line. Flexible retaining structure 
foundations need not be set below the frost 
line if they are built on a well-drained sub- 
base with suitable bearing capacities. All 
foundations should be above the water 
table. A structural engineer should be con- 
sulted to determine what type of founda- 
tion is most appropriate. Consult local 
building codes for minimum requirements 
for foundations and footings where applic- 
able. 



Figure 410-8. Drainage detail at toe of slope. 
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Figure 410-9. Typical reinforced embankment with split-faced stone. 




Figure 410-10. Typical dry-taid stone gravity wall 



1. Soil bearing capacity determines width of footing and method of wall construction. 

2. Cast concrete rigid wall footings are typically placed directly onto prepared subgrade 
to achieve greatest stability and bearing uniformity, while flexible stone walls typical- 
ly require an aggregate base for drainage and leveling. 

3. Top of wall should slope (Typically 2.0%) to drain to the retained side to prevent 
staining of wall face. 

4. Removing in filtrated water from behind the wall structure is a prime objective, espe- 
cially in clay soils and freeze/thaw conditions. Weep holes and perforated footing 
drains are typical methods employed. 

5. Small walls and those which are extensions of architecture are typically built without 
a batter. Larger walls commonly have a 12:1 batter for visual reasons. 




3.3 Drainage Devices 

The leaning, bulging, or misalignment of 
retaining structures may be the result of 
improper wall thickness, but is often caused 
by the buildup of water pressure behind the 
structure and/or by freeze/thaw action in 
cold climates. This hydrostatic water pres- 
sure can cause problems when surface 
runoff gets behind the retaining structure 
via the top or toe of the wall, or when 
groundwater seeps through the soil behind 
or under the structure. 

Surface runoff should be directed away 
from both the top and base of the wall. It 
should also be blocked from penetrating 
down through the soil either by installing a 
clay seal under the sod or, where heavy 
concentrations of runoff exist, by con- 
structing an impervious gutter or drainage 
channel behind the top of the wall (Figure 
410-8). Water filtering down through the 
soil can be Intercepted and taken away 
from the structure by the use of granular 
backfills connected to weep holes through 
the face of the structure or, if possible, by 
perforated drain pipe connected to outlets 
directed away from the structure. Clay tile, 
porous concrete, or perforated plastic, are 
typically used for this purpose. Alignment 
of such devices should avoid low points 
where water could be trapped behind the 
structure. 

3.4 Batter in Wall Faces 

Many types of walls have faces that slope 
slightly off-vertical by various amounts. 
Such designed slopes are called batters. 
Both the back and/or the exposed face of a 
retaining wall can be battered. The face of 
the wall is sometimes battered when walls 
are very high to help overcome the optical 
illusion of the wall leaning forward. A bat- 
ter may obscure deficiencies in the finishing 
of the wall's face, minor bulges and other 
movements for flexible walls. Also, a batter 
can increase the wall's stability and resis- 
tance to overturning. 

A typical batter for walls of flexible con- 
struction is 6:1, but other ratios are often 
used. Cribbing, gabions, and masonry unit 
flexible walls often require a batter of 6 
degrees. For rigid walls, particularly those 
with relatively smooth faces, a batter of 
12:1 is recommended. A batter is seldom 
used when a wall appears to be an exten- 
sion of a building. 

3.5 Face Treatment 

Some materials used in retaining structures, © 
such as cast concrete or masonry construe- J— 
tion, permit a variety of surface treatments, 



— 

1 

C 



3 

on 



Time Saver Standards for Landscape Architecture 



410-10 



__2 

I 

I 

O 



Crib, bin, and gabion types of retaining 
structures are more limited in their variety 
of surface treatments. (Refer to Division 
800; Materials for information on various 
types of finishes.) 

3.6 Expansion and Construction 
Joints 

The placement and spacing of expansion 
and construction joints should be consid- 
ered as part of the overall design of the sur- 
face treatment of retaining walls. For rigid 
wall construction, these joints should nor- 
mally be placed no farther than 9 000 mm 
(30 ft) apart. 



4,0 TYPES OF RETAINING 
STRUCTURES 



4.1 Reinforced Embankment 

Reinforced embankments regardless of 
their degree of slope or material must be 
protected from sheet flow runoff, typically 
by check swales or bench terracing, and 
from capillary infiltration at the slope base 
by means of aggregate or pipe drainage. 
Vegetated slopes require natural moisture 
or irrigation to maintain structural integrity, 
Stone or concrete faced embankments typ- 
ically require an aggregate subbase and 
extra reinforcing at slope base for stability 
and sustained performance. Figure 410-9 
illustrates a typical reinforced embankment. 

4.2 Unit and Stack Wall Systems 
Dry-Laid Stone Wail: 

Dry laid stone walls (without mortar), are 
useful in many situations where the 
retained heights are low [less than 3 000 
mm (10 ft)], the stone is available on or 
near the site, and the economy of such 
construction is desired. Figure 410-10 illus- 
trates a typical stone gravity wall, A stone 
dike constructed simply by dumping is an 
inexpensive alternative to a laid -up dry 
stone wall for fill situations, The top width 
of these walls is rarely smaller than 450 mm 
(18 in) and usually vanes between 450-600 
mm (18-24 in). 

Gabion Wall: 

Gabions are rectangular baskets made of 
galvanized steel wire or polyvinyl-coated 
(PVC) wire hexagonal mesh, filled with 
stone and tied together to form a wall. The 
baskets are manufactured in standard sizes 
usually 900 mm (3 ft) wide in lengths of 
1 800, 2 700, and 3 700 mm (6, 9, and 12 
ft) and heights of 300, 450, and 900 mm 
(1, Vh t and 3 ft). Each gabion has a lid and 
is subdivided by diaphragms into 900 mm 
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Figure 410-11. Gabion retaining wall. Face may be battered or stepped. Refer to 
manufacturer's literature for special details. 
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Figure 410-12. Precast concrete masonry unit retaining wall. Refer to manu- 
facturer's literature for special details. 



(3 ft) cells. After being filled with stone, the 
lid is closed and laced to the top edges of 
the gabion. Each gabion is then laced to the 
adjacent gabions. A gabion wall with a bat- 
tered face is shown in Figure 410-11 A 
stepped design may also be used. 

Flexible gabion walls can adapt to 
ground settlement. Their permeability 
allows water to drain, making gabions 
especially suitable along stream and river 
banks where variations in water depths 
occur between flood and dry weather con- 
ditions Volunteer vegetation establishes 
itself quickly in gabions, softening the 



structure's appearance in the landscape 
while also adding durability. Recent experi- 
ments have successfully hydro-seeded 
gabions lined with separator fabric and 
filled with an amended soil mix, resulting in 
a staggered green wall This application 
requires a well drained subsoil and suffi- 
cient rainfall and is suitable for temperate 
climates. 

Precast Unit Stack Wail: 

Modular systems for gravity walls using 
pre-cast concrete units with various face 
treatments may be built to a height of 
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Figure 410-1 3. Earth tieback retaining wall. Refer to manufacturer's literature for 
special details. 
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Figure 410-14. Bin wall. Top may be capped. Reterto manufacturer's literature for 
special details. 



6 000 mm (20 ft) maximum with the addi- 
tion of successive fabric tie-back iayers as 
shown in Figure 410-12 A number of pro- 
prietary products are available. Such modu- 
lar systems are easily adaptable to curves 
and serpentine alignments. 



Earth Tieback Retaining Wall: 

An earth tieback retaining wall is similar in 
concept to a precast stack unit wall, but it 
typically used when larger walls are need- 
ed. It consists of interlocking concrete fac- 
ing panels and prepared cohesionless soil 
backfill reinforced with thin metallic or 



polymer strips bolted to the facing panels 
(Figure 410-13) This type of structure uses 
the construction principle of sheeting with 
tiebacks to dead men, except that multiple 
strips (i.e., tiebacks) rely on friction for 
anchorage instead of deadmen The strips, 
usually galvanized steel, absorb the tensile 
stresses within the backfill through friction 
with the soil and thereby hold the soil 
together in an integral gravity mass. The 
facing panels are not structural members; 
they can be cast in any kind of interlocking 
geometric design or finish. Typical tieback 
depth to height ratio is 0.75-0.80H. 

Earth tieback construction begins with 
the casting of an unreinforced concrete lev- 
eling pad to support and align the first layer 
of facing panels (Figure 410-13). The level- 
ing pad is cast on the prepared site at a 
depth below finished grade, depending on 
the soil conditions and wall height. The first 
row of facing panels is set and positioned 
on the leveling pad, followed by the first 
backfill lift of cohesionless soil (i.e., silt, 
sand, broken stone, etc.), which is spread 
and compacted. The first layer of reinforc- 
ing strips is placed on the backfill and bolt- 
ed to the facing panels. Backfill is spread 
over the design and compacted. The 
process is repeated until the finished wall 
height is reached. 

Earth tieback construction is particularly 
suitable for situations where fill is required 
or can be placed. Its flexible composition 
can withstand differential settlement on 
poor foundation soils. To ensure the 
strength and stability of the wall, the back- 
fill must be protected from erosion, 
Polyester foam inserted into panel joints or 
filter cloth placed behind the joints allows 
drainage to occur but keeps the soil lines 
from washing out. 

Bin Wall: 

Bin walls (also known as cellular walls) are 
constructed of precast reinforced concrete 
interlocking modular units which are 
stacked and then filled with granular fill 
(Figure 410-14). A flexible form of gravity 
wall, the bin wall depends on its mass for 
stability. The modules can be manufactured 
with a variety of concrete finishes (e.g., 
smooth, exposed aggregate, bush-ham- 
mered, or striated). 

Figure 410-14 shows a typical section 
using 600 x 1 200 x 1 200 mm (2 x 4 x 4 
ft) units with earth fill placed to the front of 
the bin wall. A continuous concrete strip 
footing along the front serves to align the 
modular units, and a leveling beam at the 
back is used to set the batter. While a bat- 
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Figure 410-15* Concrete crib wall, tfefer to manufacturer's Figure 410-16. Typical timber crib wall. 
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Figure 410-17. Typical horizontal timber wall. 



Figure 410-18. Typical vertical timber wall. 
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Table 410-3. TOP WIDTH OF RIGID GRAVITY WALLS 



Wall Height mm (ft) Min. Top Width mm (in) 

under 1 800 (6 ft) 300 (12 in) 

1 800-3 000 (6-10 ft) 450 (18 in) 

over 3 000 (10 ft) 600 (24 in) 



Table 410-5. TYPICAL RATIO OF BASE WIDTH TO HEIGHT IN 
CANTILEVERED WALLS (AVERAGE SOILS) 



Horizontal Loading 45 H 

Slope Surcharge Loading 65 H 
Live Load Surcharge 65 H 



Table 410-4. RECOMMENDED BASE WIDTH TO HEIGHT RATIOS FOR 
RIGID GRAVITY WALLS 



Soil Type Ratio Application 

Well drained gravel 0.35-0.40 H Light Duty 

Wet sand 0.58-0.60 H Medium Duty 

Water bearing soil 0.65 H Heavy Duty 

Fluid mud 0.75 H Heavy Duty 



ter of 6:1 is indicated in the figures, the bin 
wall could be built with either more batter 
or with a vertical face. 

Bin walls are especially suitable for 
projects of heavy construction where spe- 
cial equipment, such as a crane, can be 
used to lift the units into place They are 
also suitable where large scale or massive- 
ness in the design expression is desired, 
such as at the edge of a vertical cut or toe 
of a slope that rises for a considerable dis- 
tance. A bin wall is useful at the edge of a 
fill, where there is not sufficient space for 
the slope to meet an existing grade. 

Since water can filter through the stone 
fill and joints of the stacked units, weep 
holes are not necessary in a bin wall. 
However, to avoid staining or a buildup of 
groundwater, an underdram should be 
installed in the granular fill at the back of 
the bin wall. In less stable soils, a concrete 
footing strip is used to level the initial 
course and to spread the wall load over a 
broader subgrade area, effectively increas- 
ing the base width. 

Crib Wall: 

Concrete Crib Wall: A concrete crib wall is 
constructed of precast reinforced concrete 
units laid up in interlocking stretchers and 
headers to form vertical bins, filled with 
crushed stone or other granular material. 
They are a particularly utilitarian solution 
for retaining fills in situations where exca- 
vation is not necessary. Figure 410-15 



shows a section using a concrete unit 1 200 
mm (4 ft) long (the smallest unit typically 
available) Reinforced projecting lugs on 
the headers are typically used to lock the 
headers and stretchers together. 

Manufactured standard concrete units 
are designed for both open-face cribbing 
and closed-face cribbing. Figure 410-15 
shows open-face cribbing. Backfilling 
should follow closely the erection of units, 
and the cribbing should not be laid up 
higher than 900 mm (3 ft) above the back- 
filled portion. 

Metal units made of galvanized steel are 
also available for crib walls. Weighing less 
than precast reinforced concrete units, they 
are easier to handle during construction. 

In less stable soils, a concrete footing 
strip is used to level the initial cribbing 
course and to spread the wall load over a 
broader subgrade area, effectively increas- 
ing the base width. 

Timber Crib Wall: Crib walls may be 
built of timber when the appearance of 
wood is desired in the landscape design 
(Figure 410-16). All timber units should be 
pressure-treated with a suitable preserva- 
tive Timber crib walls are not recommend- 
ed for wet, damp, or cold climates and are 
best used in rustic hot-arid settings to pre- 
vent the premature leaching of the preser- 
vative. 



Horizontal and Vertical Timber Wall: 

Typical sections for horizontal and vertical 
timber walls suitable for retained heights up 
to 900 mm (3 ft) are shown in Figures 410- 
17 and 410-18. Since the timber wall's 
resistance to overturning depends upon 
one-half of its height being below finished 
grade, it is often not economical or practi- 
cal to use this timber design for retained 
heights greater than 900 mm (3 ft). The 
timber units in the horizontal wall can be of 
variable length but should be at least 1 500 
mm (5 ft) long. Low timber walls are espe- 
cially useful for raised planting beds and 
boxes. 

A timber wall of posts and planking is 
illustrated in Figure 410-19. Besides differ- 
ing in appearance from the heavy timber 
walls shown in Figures 410-17 and 410-18, 
the planking in this design provides some 
economy in materials. Timber walls are not 
generally recommended and should be 
confined to small scale residential settings. 

Green Retaining Wall: 

Techniques have been developed in 
recent years that combine vegetation and 
structural elements In retaining sloped 
embankments and accommodating chan- 
ges in elevation. A common system that 
uses precast concrete units intertilled with 
soil is illustrated in Figure 410-20. Designed 
as troughs to hold soil and moisture suffi- 
ciently for plant growth, the concrete units 
are set in a staggered arrangement, each 
course resting on the units beneath and 
filled with soil. The units can be laid at 
angles of inclination between 70 and 25 
degrees. Interlocking masonry units are 
available in many configurations. 

This type of flexible construction recalls 
the laying up of stones in the traditional 
rock garden. It is easily fitted to irregular 
slopes and accommodates a significant 
amount of settlement. The interstices in the 
face can be planted or be allowed to vege- 
tate naturally. As with any flexible wall con- 
struction, analysis for sliding, bulging, and 
rupture should be made. This system is 
ideal in climates with sufficient rainfall to 
naturally support the vegetation. 

4.3 Rigid Retaining Walls 

Gravity Wall: 

Gravity walls depend upon their mass (i.e., 
weight and volume) for stability. The ratio 
of the base width to height is approximate- 
ly constant, varying from about 0.40 to 
0.45 for a horizontally loaded wall, regard- 
less of their size in most well drained condi- 
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Figure 410-19, Typical timber wall with planking. 




Time-Saver Standards for Landscape Architecture 



410-15 




Figure 410-21. Typical concrete or stone masonry gravity 

wall. Use expansion joints spaced 30 m (90 ft) apart maximum. 
Do not use on soils having an allowable bearing pressure less than 
0.575 mPa (1.5 tons/W). 
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Figure 410-22. Reinforced concrete canti levered wall. 

= H/3, or 600 mm (2 ft), or depth of frost, whichever is greatest. 
Use No. 4 reinforcement bars for H less than 7 800 m (6 ft).Use 
expansion joints spaced 30 m (90 ft) apart maximum. Do not use 
on soils having an allowable bearing pressure less than 0.575 mPa 
(1.5 tons/ft 3 ). 
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Figure 410-23. Reinforced masonry and concrete can- 
tilevered wall. D = H/3, or 600 mm (2 ft), or depth of frost, 
whichever is greatest. Use No. 4 reinforcement bars for H less 
than 1 800 m (6 Use expansion joints spaced 30 m (90 ft) 
apart maximum. Do not use on soils having an allowable bear- 
ing pressure less than 0.575 mPa (1.5 tons/ft-'). 



Figure 410-24. Reinforced concrete block cantilevered wall. 

D - H/3, or 600 mm (2 ft), or depth of frost, whichever is greatest. 
Use No. 4 reinforcement bars tor H less than 1 800 m (6 ft;. Use 
expansion joints spaced 30 m (90 ft) apart maximum. Do not use on 
soils having an allowable bearing pressure less than 0.575 mPa (1.5 
tons/m. 
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tions. The actual base width to height ratio 
should be determined by soil type and 
moisture content as shown in Table 410-2, 
and any anticipated adjacent live loads. 
Gravity walls are constructed of cast-in- 
place concrete, stone masonry, or concrete 
faced with stone or brick. Figure 410-21 
illustrates a typical concrete wall design. 
Gravity walls less than 1 500 mm (5 ft) high 
are usually built vertically at the front and 
back or with a slight batter. In such cases, 
the base width should be at least 0.4H. 

Tables 410-3 and 410-4 show top 
widths of rigid gravity walls for various 
heights, and base to height ratios respec- 
tively. 

Cantilevered Wall: 

A cantilevered wall consists of a base and a 
stem, which are securely tied together by 
reinforcing rods extending from the base 
up through the stem. Table 410-5 shows 
typical base width to height ratios for can- 
tilevered walls. Reinforcing rods running 
laterally through the stem provide longitu- 
dinal reinforcement in the wall. The weight 
of the backfill on the base counteracts the 
forward pressure of the retained height and 
helps to keep the wall from overturning. 
Reinforcing steel is typically placed within 
the soil, or, "tensioned" side of the stem no 
less than 50 mm (2 in) from the surface to 
prevent concrete cracking due to differen- 
tial expansion coefficient factors. Most 
reinforcing schedules require both vertical 
and horizontal steel. Wall cross sections can 
vary widely, but common practice is to 
locate the stem on the base at a point V:iof 
the base width measured from the toe. 

Reinforced concrete: Reinforced con- 
crete cantilevered construction is particular- 
ly useful for long lengths of wall where 
standard metal forms can be reused with 
great economy in construction. Liners can 
be used to achieve a variety of finishes and 
joint patterns in the face of the wall. A 
veneer of brick or stone can be applied to 
the wall shown in Figure 410-22 by using 
standard metal fasteners, and typically rests 
on an integral concrete sill Top of wall 
width is typically 300 mm (12 in) min., but 
may be 200 mm (8 in) on smaller garden 
scale walls. 

Reinforced Masonry and Concrete 
Cantilevered Wall: A two-wythe brick 
retaining wall is especially suitable for low- 
wall construction (Figure 410-23). It has 
the finished appearance of brick but the 
structural stability of a cantilevered wall. It 
can be laid up without any formwork, using 
only brick and grout. 



The vertical reinforcement bars must be 
placed within about 15 mm ('/) in) of the 
brick on the tension side (i.e., the retained 
earth side) so that the bars will be bonded 
to the grout. The vertical bars must extend 
the full height of the wall. The brick should 
be laid with full shoved head and bed mor- 
tar joints with no headers projecting into 
the grout (See Section 2413 of the Unified 
Building Code, Grouted Masonry) Brick 
should be laid up in successive tiers of 
about 200 mm (8 in) and the space then 
filled each time with grout (ASTM C270, 
Mortar for Unit Masonry, type M), fol- 
lowed by puddling with a grout stick. All 
joints behind the wall should be fully grout- 
ed. The work should be completed in one 
session, but if it is necessary to delay for 
more than an hour, the tiers should be 
brought to the same elevation with the 
grout 25 mm (1 in) below the top. 

Figure 410-23 shows a facing that is one 
brick wide laid up in running bond, howev- 
er, the face can be two bricks wide, laid in 
other patterns. Solid concrete units or stone 
units may also be used 



Reinforced Concrete Block Cantilevered 
Wall: A concrete block retaining wall using 
a cantilever and grout design can be laid up 
without any formwork (Figure 410-24). 
The vertical reinforcement bars must be 
placed within about 10 mm ('/.> in) of the 
inside face of the blocks on the tension side 
(i.e., the retained earth side) so that the 
bars will be bonded to the grout. The cells 
are filled with grout, which should be thor- 
oughly puddled during pouring. A horizon- 
tal construction joint should be formed by 
stopping the blocks at the same elevation 
with the grout, 25 mm (1 in) below the top, 
if the work is stopped for more than an 
hour. 

Various architectural treatments in the 
face of the retaining wall can be achieved 
with split-face and split-rub concrete 
blocks. The blocks can be laid normal, run- 
ning bond, or laid up with vertical joints the 
height of the wall. 



rar or slope 




Figure 410-25. Mechanics of an embankment. 
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Figure 410-26, Diagrams of retained soil mass and soil pressure forces. 
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5.0 MECHANICS AND DESIGN 
CALCULATIONS 



A structure designed to retain the weight 
of soil must maintain a state of static 
equilibrium at all times. The structure 
must be proportioned so that its strongest 
components are located where the soil 
weight and other hydrostatic pressures 
are greatest. 

In embankment design, the critical fac- 
tors are the soil s natural angle of repose, 
its structural properties, its weight by vol- 
ume, and the design slope ratio The 
embankment requires reinforcement 
when it exceeds its natural gravitational 
slope or when it is subject to other hydro- 
static or vibratory pressures associated 
with infiltration or vehicular loading. 
Slope stability mechanics are shown in 
Figure 410-25. The figure illustrates a 
typical shear plane, slope centroid, 
moment arm, and typical soil slump fail- 
ure profile {dotted line). This slump failure 
profile is most typical in clay soils, but also 
reflects the manner in which retaining 
walls fail by bulging at their lower third. 

Figure 410-26 illustrates how the 
forces may be diagrammed at the back of 
typical retaining structures. Soil pressure 
results from the soil above the angle of 
repose plane. The line of action may be 
conceived as a horizontal thrust pushing 
against the wall at the H/3 point as 
shown 

A wall may fail if the resultant line of 
action passes through the front third of 
the base. Most calculations seek to 
achieve material efficiency by passing the 
resultant through the front part of the 
middle third (toward the toe), except in 
clay soils where the center of the base is 
sought due to poor bearing and low 
shearing resistance. The wall may also fail 
by overturning, settling at the toe, or by 
sliding. 

5,1 Lateral Loading 

Lateral loads on retaining structures are a 
function of the weight of the soil that is 
being retained. Only soil that exceeds the 
angle of repose exerts pressure on the 
structure. The weight of soil is highly vari- 
able and is determined by the aggregate 
density if granular, and particle composi- 
tion and moisture content if clay Typically 
a design force of 16 to 17 kN (100 to 110 
pounds per cubic foot) is used for prelim- 
inary calculations, although agencies may 
establish stricter guidelines. The earth 
pressure exerted on a structure is calculat- 



ed by one of the following formulas, 
depending on whether the wall is sur- 
charged with soil embanked above the 
top of the wall: 

Non-surcharged wall: 

wh r 

P = 0.286 x — 
2 

Surcharged wall: 

„ . „„ wh + h' 

P = 0,833 x 

2 

Where: 

P = the magnitude of the resultant 
earth pressure in kilonewtons (kN) 
or pounds (lbs) Note that the 
word "resultant" is used to 
describe the earth pressure 
because the line of action is a 
function of gravity working on the 
earth mass being retained by the 
wall, and the "resultant" path of 
least resistance. In non-surcharged 
walls the line of action is horizon- 
tal, intersecting the back of the 
wall at h/3. In surcharged walls 
the line of action is parallel to the 
angle of repose of the surcharged 
slope and intersects the back of 
the wall at (h + h')/3. 

w = the weight of the retained soil in 
kN (lb/ft 3 ). Typically a design 
weight of 16 to 17 kN (100 to 
110 pounds per cubic foot) is 
used for preliminary calculations 

h = the height of the wall in m (ft). 
Height always equals the distance 
from the very bottom of the wall 
base to the top of the wall. 

h' = height of the surcharge in m (ft) 
as measured from the top of wall 
on a vertical line extended from 
the heel of the wall 

The coefficient that modifies the mag- 
nitude of total soil pressure acting on P is 
0,286 in non-surcharged walls, and 
0.833 in surcharged walls. The additional 
load on surcharged walls exerts a more 
eccentric downward weight in a resultant 
plane equal to the slope of the embank- 
ment, typically sloped at 30-33°. Because 
the pressure has a stronger vertical force 
acting at P, the magnitude is determined 
by a higher coefficient of 0.833. In other 
words, P for the non -surcharged wall is 
calculated using 28.6% of the total soil 
pressure, compared with 83.3% of the 
total soil pressure for a surcharged wall. 



Table 410-6 illustrates the calculation 
of lateral loading for a non-surcharged 
gravity wall Table 410-7 provides an 
example calculation for a surcharged can- 
tilevered wall. 

5.2 Resultant of Wall Weight and 
Earth Pressure 

The resultant is a single force that has the 
same effect as the various forces in the 
system acting simultaneously. The cen- 
troid, or center of gravity, is the point 
through which all forces act. To find the 
combined resultant force of the wall and 
retained earth, the wall's cross section is 
divided into units of rectangles and trian- 
gles. The moments are calculated by mul- 
tiplying the weight of each unit by the 
length of its moment arm (horizontal dis- 
tance of its centroid from the toe) as 
shown in Tables 410-6 and 410-7. The 
distance from the toe of the wall to the 
centroid of the composite cross section is 
determined by dividing the sum of its 
moments by the total wall weight. 

5.3 Wall Stability Tests 

Stability tests are based upon a "test 
strip" of a proposed wall. It is assumed 
that if a section of a wall proves to be 
stable, then the entire wall will be stable. 
Test strips shown in Tables 410-6 and 
410-7 are one meter thick in the metric 
example, and one foot thick in the U.S. 
example. All areas measured on cross 
section drawings therefore have cubic 
volume that can be converted to weights 
of different materials. 

Overturning: 

The mass of the wall exerts a downward 
vertical force due to gravity, known as 
the resisting moment, which must be 
greater than the resultant soil pressure 
tending to overturn the wall (the over- 
turning moment) by a factor of two (2). 
The resisting moment is found by multi- 
plying the combined weight of the wall 
by its moment arm, a line perpendicular 
to the vertical weight force, extending 
from the toe of the wall to the centroid 
of the wall. The overturning moment is 
similarly found by multiplying the resul- 
tant soil pressure (P) by the value of h/3, 
or 1/3 of the height of the wall. Note 
that this moment arm value is a vertical 
line running perpendicular to the hori- 
zontal line of P. 
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Table 410-6. DESIGN CALCULATIONS FOR NON-SURCHARGED GRAVITY WALL 



Concrete gravity wall placed on a 
sandy-clay foundation 



0.6*. 



MOMENT ARM 
OF UNIT C 



MOMENT ARM 
OF UNIT B 

MOMENT ARM 
Of UNIT A 




MOMENT ARM CALCULATIONS FROM 
TOE OF WALL TO RESPECTIVE VERTICAL 
LINES OF ACTION 



PROCEDURE 




MOMENT ARM 
OF UNITC 

0. 8B m 
MOMENT ARM 
Of UNIT B 

OJnt 
» 

MOMENT ARM,' 

Of UNIT A 








MOMENT ARM' \ 
OF WALL t CENTROID 



U.b. l.ilculations- 



Metric Laicmavonr 



Lateral Force (P| 



1 Calculate pressure of retained soil, acting at h/3 (P): 



P = 286 * 



(100)10-' 



P = 286x^' P=1 ' 430lb5 
2 



P = 0.286 x 
P = 20 6 kN 



(16)3= 



Determining 1 



(VII) 



2 Calculate weight of section unit A: 

(bi x H x Weight of concrete) 

3 Calculate weight of section unit B: 

[0.50)2 x H) x Weight of concrete] 

4. Calculate weight of section unit C: 

[0 50>: x H) x Weight of soil] 

5. Add weights of units A. B & C This equals the 
total weight of the wall's cross section (W). 



2x10x150=3.000 lbs 
0.5(2.5x10)x150=1,875 lbs 
5(2.5x10)x100=1,250 lbs 
3000+1875+1250=6.125 lbs 



0.6x3x23.5=42 3 kN 
0.5(0 75x3)x23.5=26.4 kN 
0.5(0 75x31x16=18 kN 
42.3+26.4+18=86 7 kN 



Determining the Centroid 



6. Calculate the moment arm of unit A from the toe 

of the wall. The distance of the vertical line of action from 
the toe in this rectangular section Is found by: 
(0.5)b- 

7. Calculate the moment arm of unit B from the toe 

of the wall. The distance of the vertical line of action from 
Ihe toe in this triangular section is found by: 
(0.33) b2+bi 

8. Calculate the moment arm of unit C from the toe of the wall 
The distance of the vertical line of action from the toe in 

this triangular section is found by: 
(0 67) b:'+bi 

9 Calculate the moment of unit A: 
(Weight x Moment Arm) 

10. Calculate the moment of unit B: 

(Weight x Moment Arm) 

11. Calculate the moment of unit C: 

(Weight x Moment Arm) 



■ Assumes a 1 ft thick test strip for calculation 
t A;sumei ,i 1 m thick test strip for calculation 



(0.5)2=1 ft 

(0.33)2.5+2 = 2 83 ft 

(0.67)2.5+2=3.68 ft 

3000x1=3,000 ft lbs 
1875x2 83=5.306 ft lbs 
1250x3 68=4,600 ft lbs 



(0 5)0 6 = 3 m 

(0.33)0 75+ 6 = 0.85 m 

(0.67)0.75+6= 1 1 m 

42.3x.3=12.7 kN m 
26.4x0.85=22 44 kN m 
18x1.1=19.8 kNm 
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Table 410-6. DESIGN CALCULATIONS FOR NON-SURCHARGED GRAVITY WALL (continued) 





PROCEDURE (continued) 



U.S. Calculations' 



Metric Calculations 



12. Add moments of units A. B& C to yield the total moment 
of the wall's cross section 

13. Calculate the moment arm of the wall's entire cross section 

Sum of Moments 



3000+5306+4600=12.906 ft lbs 



Sum of Weights 



12906 
6125 



2.11 ft 



m 



14. Calculate resultant forte of earth pressure and 
wall weight (R): 

R = (W J + P 1 ) 1 " 

15. Graphically construct a parallelogram of forces and draw in 
the resultant (R) Extend diagonal until it intersects base of wall. 
If it passes within the middle 1/3 of the base, it is considered 
generally stable The distance from the Lenterline of the wall 
base to the point where the resultant force cuts the base is the 
eccentncity (e) 



(6,125' + 1.430T* = 6,290 lbs 
The wall Is generally stable 
e=0.75 ft 



at the Toe | 



12 7+22.44+19.8=54.94 kN m 



54 94 

86 7 



= 0.63 m 



(86.7- + 20.6')°' = 89 1 kN 
The wall is generally stable 
e=0.23 m 



16 Divide the resisting moment by the 
overturning moment to check for tendency 
to overturn A safety factor of 2 or 
more is acceptable: 


Resisting moment: 
6125x2.11=12.924 ft lbs 
Overturning moment: 
1430x3.33=4762 ft lbs 


Resisting moment. 
86.7x.63=54.6 kN m 
Overturning moment. 
20.6x1=20.6 kN m 


W x Moment Arm 
P x Moment Arm 


12924 

= 2 7 Acceptable 

4762 


= 2.7 Acceptable 

20.6 



17 Test for crushing: 

Compare results with Table 410-8. 



, 6125 f, 6(0 75) 

f - 1 + 

4.5 [ 4.5 

/= 1361 (2) 

I = 2.722 psf 

Acceptable for sandy-clay foundation 



. = 86_7 
1.35 



6<23) 
1 35 



tm 64.2(2) 

C 128.4 kN or 13 093 kg/m J 
Acceptable for sandy-clay foundation 



18. Calculate the tendency to slide A safety factor 
of 1 .5 or more is acceptable: 

W x Coefficient of Friction 



6125(0.4) 



= 1.7 



1.7 



Compare results with Table 410-9 



1430 

Acceptable for sandy foundation 



867(0.4) 
20.6 

Acceptable for sandy foundation 
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Table 410-7. DESIGN CALCULATIONS FOR SURCHARGED CANTILEVERED WALL 



Surcharged concrete cantilevered 
wall placed on a sandy-clay 
foundation 



MOMENT ARM OF UNIT E - 
MOMENT ARM OF UNIT 



MOMENT ARM OF UNIT B 

MOMENT ARM OF UNIT A"^~ 
® 

MOMENT ARM OF UNIT Cg= 




@ © 



3=^ 



MOMENT ARM CALCULATIONS FROM 
TOE OF WALL TO RESPECTIVE VERTICAL 
LINES Of ACTION 




PROCEDURE 


US. Calculations' 


Metric Calculations* 


Determining Lateral Force (P) 


1. Calculate pressure (P) of retained soil, acting at 

(h+h')/3: 

_ „ „ 2(h+h') J 
P ■ 0.833 x 


„ „ 100(8+2> J 
P = 833 x 


„ 16(2.4+0.6)' 
P = 0.833 x 


2 


2 

P = 4,165 lbs. 


2 

P = 60 kN 




2 Calculate weight of section unit A 
(bi x H x Weight of soil) 


2x2.5x 100 = 500 lbs 


06 x 075 x 16= 7.2 kN 


3, Calculate weight of section unit 8 
(bi x H x Weight of soil) 


6x 1 x 150 = 900 lbs 


1.8x0.3x23.5 = 12.7 kN 


4. Calculate weight of section unit C: 
(bj x H x Weight of concrete) 


1 * 7 x 150 = 1.050 lbs 


0.3x2.1 x 23.5 = 14.8 kN 


5 Calculate weight of section unit D 
(bi x H x Weight of soil) 


3 * 7 x 100 = 2.100 lbs 


0.9 x 2.1 x 16 = 3.2 kN 


6 Calculate weight of section unil E: 
[0.5 (b3 x H) x Weight of soil) 


0.5(3 x 2) x 100 = 300 lbs 


0.5 (0.9x0 6) x 16 = 4,3 kN 


7 Add weights of units This equals the total weight 
of the wall's cross section (W). 


500 + 900 + 1050 + 2100 + 300 
= 4,850 lbs 


7.2 + 12.7 + 14.8 + 30,2 + 4.3 
= 69.2 kN 


Determining the Centroid 


8. Calculate the moment arm of unit A from the 
toe ofthe wall. The distance of the vertical line of 
action from the toe in this rectangular section 
is found by 

(0.5) bi 


(0.5)2 = 1 ft 


(0.5)0.6 = 0.3 m 


9. Calculate the moment arm of unit B from 
the toe of the wall The distance of the vertical 
line of action from Ihe toe in this rectangular 
section is found by: 

(0 5) D2 + bi 


(0.5)1 + 2 = 2.5 ft 


(0.5)0.3+0.6 = 75 m 


10. Calculate the momentarm of unit C from the 
toe of the wall The distance of the vertical 
line of action from the toe in thts rectangular 
section is found by 

(0.5) base of wall 


(0 5)6 = 3 ft 


(0.5)1 .8 = 0.9 m 


11. Calculate the moment arm of unit D from the toe of the 
wall. The distance of the vertical line of action from the toe 
in this rectangular section is found by: 
(0.5) bj + bi + bi 


(0 5) 3 + 1 + 2 = 4.5 ft 


(0.5)0 9 + 0.3 + 06 = 1 5 m 


12. Calculate the moment arm of unit E from the toe of the 
wall The distance of the vertical line of action from the toe 
In this triangular section is found by: 
(0.67) bi + b2 +bi 


(0.67)3 + 1 + 2 = 5 ft 


(0.67)0.9 + 0.3 + 0.6= 1.5 m 


13. Calculate the moment of unit A: 


500 x 1 = 500 ft lbs 


72x0.3 = 2.2 kN m 



(Weight x Moment Arm) 

• Avsumsi .i l ft thick ts « itrip for ukulalkm 'Aiiumoi a l m thick ten «rip (» calciilnion 
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Table 410-7. DESIGN CALCULATIONS FOR 
SURCHARGED CANTILEVERED WALL 
(continued) 



PROCEDURE 




US. Calculations' 



Metric Calculations 



14. Calculate the moment of unit B 
(Weight x Moment Arm) 

15- Calculate the moment of unit C: 
(Weight x Moment Arm) 

16. Calculate the moment of unit D 

(Weight x Moment Arm) 

17. Calculate the moment of unit F 

(Weight x Moment Arm) 

18. Add moments of units to yield the total 
moment of the wall's cross section 

19. Cakulatethe moment arm of the wall's 
entire cross section. 

Sum of Moments 
Sum of Weights 



1050 x 2 5 = 2,625 ftlbs 

900 x 3 = 2.700 ft lbs 

2100 x 4 5 = 9,450 ft lbs 

300 x 5 = 1,500 ft lbs 

500 + 2700 + 2625 + 9450 + 1500 = 
16.775 ft lbs 



16775 
4850 



14.8 x 0.75= 11.1 kNm 

12 7x0.9 = 11.4 kNm 

30.2 x 1.35 = 40.8 kN m 

4.3 x 1.5 = 11.1 kN m 

2.2 + 11 4+ 11.1 +40.8 + 6.5 = 72 kN m 



3 46 ft 



72 
69~2 



1.04 m 



20. Calculate resultant force of earth pressure and 
wall weight (R) 

ft=tWJ + P*)" 4 

21 . Graphically construct a parallelogram of forces and draw 
in the resultant (R). Extend diagonal until it intersects base 
of wall If it passes within the middle 1/3 of the base, it is 
considered generally stable The distance from the cenferline of 
the wall base to the point where the resultant force cuts the 
base is the eccentricity (e) 

22. Graphically determine the vertical (Ri) and the horizontal 
(Ri>) components of constructed parallelogram of forces 
through scaling. 

Testing for Overturning 



(4850- + 4165') LI< = 6,393 lbs 
The wall is generally stable 
e = 0.3 ft 



R. = 7,020 lbs 
Rh = 3.450 lbs 



{69 2 2 + 60-!)°* = 91 6 kN 
I he wall is generally stable, 
e = 0.1 m 



R, = 102 8 kN 
Ri,=49 7kN 



23 Divide the resisting moment by the overturning 
moment to check for tendency to overturn. 
A safety factor of 2 or more 
is acceptable: 

Rv x Moment Arm 



Resisting moment 
7020 x 3.46 = 24,289 ft lbs 
Overturning moment: 
3450 x 3.33 = 11,489 ft lbs 



Rti x Moment Arm 



I 1 489 



2.1 Acceptable 



(Settlement at the Toe} 



Resisting moment: 
102.8 x 1 04 = 106.9 kNm 
Overturning moment 
49 7 x 1 = 49 7 kNm 



1 06 9 
49.7 



2.1 Acceptable 



j-2 

1 



13 



24 Test for crushing 



t -- 



i + 



6e\ 

dJ 



7026 [1 + 



6(0.3) 



1170(1 3) 



Compare results with Table 410-8 



6 I 6 
= 1,521 psf 

Acceptable for sandy-clay foundation 



, 102.8 f 6(0.1)1 „,,,,, 

f = 1 + = 57.1 (1.3) 

1.8 1 1.8 J 
= 74.2 kN or 7 566 kg/m' 

Acceptable for sandy -clay foundation 



Testing for Sliding 

25 Calculate the tendency to slide A safety factor of 
1 .5 or more is acceptable: 

R» x Coefficient of Friction 

Rh 

Compare results with Table 410-9. 



7020 (0.4) 



8 



102.8 (0 4) 



3450 

Requires a shear key 



= 0.8 



49.7 

Requires a shear key 
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Table 410-8. APPROXIMATE BEARING CAPACITIES OF 
VARIOUS SOILS AND ROCK* 



c 

is 

o 





\t\Wi 


Icg/m2 


Ton /ft 2 


Ib/ft2 


A lli ilfi-iI e Mil 
MIIUvlUl SOU 






1/2 


1 ,000 


Soft day 


3.*J 




1 


2 000 


Firm i-"l — . 

rirm ciay 


I J.J 




2 


4,000 


Wet sand 


195 


19.000 


2 


4,000 


Sand and clay mixed 


19.5 


19.000 


2 


4.000 


hne dry wnd 


29.0 


29.000 


3 


6,000 


Hard clay 


39.0 


38,500 


4 


8,000 


LUdlbC Uly MU1U 


39.0 


38 500 


4 


8,0* K < 


Gravel 


58.5 


58.000 


6 


12,000 


Gravel and sand 
{welt-cemented) 


78.0 


77.500 




16,000 


Hard pan or hard 
shale 


97.5 


97.000 


10 


20,000 


Medium rock 


195.0 


194.500 


20 


40,000 


Hard rock 


780,0 


779,000 


SO 


160,000 



• Tans - U.S. iliorl torn 12000 lb), t ^ metl* torn 

Source Adapted tmm Alhe I Muman. Comttuctton Design lot Undvupe Architect},. McGraw-Hill, New yonV, WS 



Altering the geometry of the masses will 
also alter the magnitude of the forces and 
their interactions. This is precisely how the 
design of retaining structures are fine tuned 
to meet particular site requirements and 
site conditions. The formula for resistance 
to overturning is as follows: 

W x Moment Arm , 

a 2 

P x Moment Arm 

Where: 

W = The combined vertical weight of 
the wall and soil mass which bears 
on the wall. 

P = The total soil pressure acting on a 
horizontal line of action passing 
through the wall. 

Settlement at the toe: 

If the centroid of the wall is too far forward 
toward the face (due to improper propor- 
tioning of the wall design), then the force 
resulting from the interaction of the hori- 
zontal soil pressure and the downward 
force of the weight of the wall may con- 
centrate too much pressure on the soil just 
beneath the toe of the wall. This eccentric 
loading, may exceed the soil's bearing 
capacity and result in settlement at the toe; 
a failure of the soil structure. To avoid this 
possibility, the wall's proportions are 
designed so that the resultant action line 
(drawn within a parallelogram of forces) 
when extended through the centroid, will 



pass through the middle third of the base 
width (Tables 410-6 and 410-7) The dis- 
tance between the exact center of the 
base, and the point at which the resultant 
graphically pierces the base is called the 
factor of eccentricity (e). The pressure at 
the toe is calculated using a footing formu- 
la to determine the actual kilograms per 
square meter (pounds per square foot) that 
will be exerted at the toe: 



f = pressure at the toe in kN (lb/ft/) 

P = the weight of the wall acting verti- 
cally at the centroid 

A = the area of the base in square 
meters (square feet). 

e = the factor of eccentricity 

d = the width of the footing. In the case 
of a wall test strip, "d" ■ A. 

The calculated toe pressure must not 
exceed the bearing capacity of the existing 
soil subgrade. Table 410-8 lists the bearing 
capacities of various soil types. 

Sliding horizontally: 

If the friction between the base of the wall 
and the soil beneath it is inadequate, the 
wall may creep forward, as often happens 
in smooth clays, or silty sands and gravel. 
The force that tends to cause the wall to 



Table 410-9. AVERAGE 
COEFFICIENTS OF FRICTION FOR 
CONCRETE ON VARIOUS 
FOUNDATION BEDS 



Coefficient of 



Foundation bed 



Rock (moderate) 

Rock (hard angular) 

Gravel 

Dry clay 

Sand 

Wet clay 



0.7 
1 
0.6 
0.5 
0.4 
0.3 



Source: Adopted tmm Albe £ Munson, Construction 
Design tor Landtiape Arrttitccts. McGraw-Hill Hew York. 
1975. 



slide is the horizontal force (P), while the 
force that tends to resist the sliding is the 
vertical force of the wall weight (W) 
Resistance to sliding must be 1.5 times 
greater than the force causing the wall to 
slide. To calculate this "factor of safety" 
(1.5), the wall weight (W) must be multi- 
plied by the soil coefficient of friction (Refer 
to Table 410-9 for friction coefficients of 
various soils) and the product must be 
divided by the value of P [horizontal force 
in kg (pounds)]. In the event that the slid- 
ing resistance is less than 1.5, a concrete 
key may be placed on the bottom of a con- 
crete footing, or the base of a stone wall 
may be angled back to create mechanical 
resistance. 



Sliding resistance = 



W x soil coefficient 



Where: 



W= Total weight of wall and soil mass 
bearing on the base 

P= Soil pressure measured in kN (lbs) 
acting on the wall 



6.0 DRAINAGE 



6.1 Surface Run-off 

All surface water should be directed away 
from embankments and tops of retaining 
structures to avoid infiltration into the 
backfill or subgrade. Such infiltration 
unnecessarily loads granular backfills, weep 
holes, and footing drains, and in expansive 
clays or freeze/thaw conditions may create 
too much hydro-static pressure for the wall 
to bear. 
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6.2 Backfill and Footing Drains 

A prepared granular drainage medium is 
typically used to back fill a retaining wall. It 
is common practice to place a soil separator 
fabric between the granular backfill and the 
subsoil to prevent infiltration of fines. In 
soils subject to lateral infiltration and sea- 
sonal water table shifts, a perforated foot- 
ing drain set in clean stone and wrapped in 
a fabric separator is recommended. 

6.3 Weep Holes 

Weep holes are needed in any rigid wall 
construction to relieve pressure due to infil- 
tration and are typically placed 100-150 
mm (4-6 in) above finish grade and are 
spaced 900-3 000 mm (3-10 ft) apart 
depending soil porosity (clay soils require 
close spacing, and granular soils require less 
frequent spacing). 



7.0 MAINTENANCE ISSUES 



In addition to the general maintenance fac- 
tors listed in Table 410-1, routine mainte- 
nance of drain pipes, impermeable barriers, 
and swales is required to prevent run-off 
and infiltration water from creating season- 
al back pressures. Invasive tree roots may 
also often cause structural failure in walls 
and reinforced embankments, and may 
require periodic crown and root pruning of 
certain species. 

Corrosion of materials from salt spray, 
acid rain, severe oxidation, or excessive 
freeze/thaw action may compromise the 
structural integrity of many improperly 
specified retaining systems. Retaining 
structures should be considered to be long 
term investments requiring specification of 
stable inert materials suitable to local con- 
ditions. The cost of replacing short lived 
materials must be added to the cost of dis- 
turbing a finished landscape setting. 
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1.0 INTRODUCTION 



This section covers the selection and 
design of small gravity-type dams 
whose maximum net heads (headwa- 
ter to tailwater) do not exceed 6 m (20 ft). 
It does not address the calculation of runoff 
and other factors related to its retention 
and management. Refer to Section 330: 
Stormwater Management for additional 
information. 

Information and expertise gathered from 
local authorities is essential during the plan- 
ning and construction of any type of dam, 
because safety is such an important factor. 
Even small dams should be carefully locat- 
ed so that failure will not result in serious 
accidents or damage to property. 



2.0 PURPOSES OF DAMS 



Dams are used to retain and retard the flow 
of water for many reasons, including irriga- 
tion, fire protection, mechanical or hydro- 
electric power, flood protection, the estab- 
lishment of wildlife habitat, recreational 
opportunities, livestock needs, fish produc- 
tion, drainage structures, aquifer recharge, 
and the creation of visual landscape ameni- 
ties. Dams are frequently constructed to 
serve multiple purposes. 

Several sections in this handbook provide 
specific information on the purposes and 
construction of small dams and reservoirs. 
Refer to Section 330: Stormwater 
Management, Section 710: Water Supply, 
Section 740: Recreational Waterbodies, and 
Section 750: Irrigation, for further informa- 
tion. 



3.0 SELECTION OF DAM SITE 



3.1 Investigation of Potential Sites 

It is customary to conduct preliminary stud- 
ies of several potential locations when sit- 
ing a dam. In most site evaluations, a geot- 
echnical engineer and a structural engineer 
should be consulted. Table 420-1 lists the 
factors typically considered during the 
investigation of potential dam sites, and 
possible sources of this information 

3.2 Survey of Proposed Site 

Once the location for a dam has been 
determined, an engineering survey is 
required to lay out the dam, the spillway, 
and other features. The survey should 
include centerline profiles of the dam and 
spillway, and topographic mapping to 
determine the extent and capacity of the 
proposed reservoir. 



Table 420-1. IMPORTANT FACTORS FOR THE ANALYSIS OF POTENTIAL 



DA/W SITES 






RECONNAISSANCE 


Site configuration 


U.S. Oeulogical Survey (USGS) air photos 


Evidence of good foundation 


USCS surficial geology and bedrock maps 


Available construction materials 


USCS topographic surveys 




U S Department of Agriculture (USDA) soil surveys 


Adequate water supply (drainage area) 


USCS surficial geology and bedrock maps 


DETAILED SITE INVESTIGATIONS 


Available topographic maps 


USCS topographic surveys 




State and counly highway maps 


Surficial geology 


USCS surficial geology and bedrock maps 


Subsurface geology 


USCS topographic surveys 




USDA soil surveys 




USCS surficial geology and bedrock maps 


location of the source of 


USCS topographic surveys 


construction materials 


USDA soil surveys 




USCS surficial geology and bedrock maps 


Land required for the dam and reservoir 


USDA Natural Resource Conservation Service (NRCS) 


drainage area maps 




USGS topographic surveys 


Flood-producing characteristics 


USDA/NRCS area maps 


of the stream 


USGS topographic surveys 




U S Weather Bureau rainfall mans (24-hr storm based 




on 10-, 25-, or 50-yr frequency) 




USDA/ NRCS hydrologic groupings of soils 




USDA/ NRCS runoff curve tables (calculated for land use 




and soil type) 




USDA/NRCS runoff depth, in (for a given rainfall and 




runoff curve number) 




USDA/NRCS Type I, II storm charts 


Previous flood routing studies 


Federal Emergency Managemenl Area (FEMA) flood 




insurance maps and reports 


Legal aspects and riparian rights 


State laws 


Department of Public Works (DPW) 




Departments of conservation 




State boards of heaJth 




Federal Emergency Management Administration 




(FEMA)" 


Silt carried by stream 


USCS water supply papers 




USGS river surveys 




USDA/NRCS reports 


Water quality 


USGS water supply papers 


Health Education and Welfare (HEW) reports 




State board of health reports 


Land use and ownership 


U.S. Bureau of Land Management (BLM) public land 




surveys 




USDA Forest Service national forest maps 




County survey or engineer maps 




City or county recorder plats 




U.S. Bureau of Reclamation federal reclamation 




proiect maps 


General 


Local. State. Dept. of Safety offices 


"Possible sources will vary from country to country 


Only U S sources are shown here 


■•Federal Emergency Management Administration (FEMA), National Inventory of Dams (republished periodically). 
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Table 420-2. SELECTION CRITERIA FOR SMALL DAMS 





Earth fill 


RodcflH 


Masonry {Stone 
or Concrete) 


Concrete or 


SITE CONSIDERATIONS 


Suitable topography 


Low tolling plains 


Low rolling plains 


Narrow stream; high, 
tocky walls 


Narrow stream; high, 
rocky walls 


Stream diversion 


Required dunng construction 


Usually required 


Minimal requirements 


Minimal requirements 


Foundation 
requirements 


Least stringent; solid rock: 
gravel, sand 


Minimal settlement 
required; same as earth fill 


Reasonably sound 
rock 


Suitable for unstable 

soils 


Earthquake resistance 


Very good 


Excellent 


Good 


Good 


Suitable materials 
on site 


Fill materials may have to be 
borrowed; variety of 
materials Suitable for 
zoned embankment 


Local stone 
suitable; rock of 
all sizes used 


Local stone may be 
suitable; carefully 
graded aggregate 
requited 


Local timber may be 
suitable: also pre- 
cast concrete 
cribbing 


Visibility 


Slopes are plantable (except 
with trees) 


Highly visible 
(no planting) 


Free, natural forms 
possible 


Beaver type is least 
visible 


COST CONSIDERATIONS* 


Maintenance 


Damaged by animals and 
woody plants; upstream 
slope inspection and 
repair required 
periodically 


Upstream slope 
inspection and 
repair required 
periodically 


Concrete spalls and 
other types of 
masonry damage 
may occur; 
periodic inspection 
and repair required 


Considerable 
maintenance; 
periodic 
replacement is 
required 


DESIGN CONSIDERATIONS 


Crest width 


Table 420-3 


Table 420-3 


4-ft <1.2-m) minimum 


3-ft (1 -m) minimum 


Crest height 
(freeboard) 


Table 420-5 


Table 420-5 


4 ft (1 2 m) above pond 
at design discharge 


Normal maximum 
pond level 


Maximum gradient 
of side slopes: 










Upstream 


1:2.5 


1:1.3 hard rock; 
fill w/concrete slab 


Vertical 


1:2 


Downstream 


1:2 

Table 420-6 


1:1 7 for hard rock fill 
w/ asphalt; increase for 
lower quality rock 


1:0.7 fmin.) 


1:1 


Seepage control 


Clay core required 


Face slab required 


None required 


Timber planking 
required 


Wave protection 


Table 420-14 


Face slab required 


None required 


Timber planking 
required 


Spillway 


Spillway generally located 
away from dam as a 
separate structure 


Spillway generally 
located away 
from dam as a 
separate structure 


Overflow crest may 
be incorporated 
inexpensively In 
design 


All are overflow dams 
suitable for large 
drainage areas 


Strength and stability 


Easily eroded or destroyed if 
overtopped 


Damaged or destroyed 
if overtopped 


Relatively stable if 
overtopped 


Never fails by 
overturning 


Durability 


Considered practically 
permanent 


Considered practically 
permanent 


Considered practically 
permanent 


Short-lived unless 
continuously maintained 
(permanent if concrete 
cribbing is used) 


•Optimal type of dam depends on 


ri-lativc coil of secunng local borrow and/or construction material 
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After establishing the normal full-water 
and possible high-water elevations of a pro- 
posed reservoir, the extent of the reservoir 
(i.e., surface area) at full capacity can be 
determined by using one of three methods: 

1. Ground topographic survey techniques 

2. Aerial survey techniques 

3 Measuring the width of the valley 
at the normal full-water elevation at 
regular intervals 

The capacity of a proposed reservoir is 
determined by any one of four methods: 

1 . Contour method 

2. Cross-sectional method 

3. Average depth method 

4. Multiplying the surface area by 0.3 
times the maximum water depth 



IMPERVIOUS FOUNPATION 
UPPER LIMITS OF SEEPAGE - 



4.0 TYPES OF DAMS AND 
SELECTION CRITERIA 



Table 420-2 lists general selection criteria for 
small earth, rock, masonry and crib dams. 

4.1 Earthfill Embankment Dams 

Types of Earthfill Embankment Dams: 

Earthfill embankment dams do not rely 
upon impervious internal cores (or walls) of 
concrete, timber, steel, or masonry as part 
of their construction (Figure 420-1). They 
depend upon carefully rolled and compact- 
ed earth fill to ensure retention of water. 

Homogeneous Earthfill Embankment 
Dams: Homogeneous earthfill dams con- 
sists of a single kind of material (exclusive 
of the slope protection) that is sufficiently 
impervious to function as an adequate 
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2 Figure 420-1. Types of earthfill embankment dams. 



water barrier. The side slopes must be rela- 
tively flat for stability. Some seepage through 
the dam typically occurs on the downstream 
slope if the reservoir level is maintained at or 
near full at all times. This weakens the down- 
stream slope and may cause erosion of the 
dam. Consequently, homogeneous earthfill 
dams are seldom recommended. 

Modified Homogeneous Earthfill 
Embankment Dams: Modified homoge- 
neous earthfill dams have largely replaced 
the use of homogeneous earthfill dams 
(Figure 420-1). Small amounts of strategi- 
cally placed pervious materials can divert 
seepage to the downstream base of a dam 
rather than the slope itself Control is 
accomplished by using a large filtered- rock 
toe or by installing a filter drain. Filter 
drains with supplemental pipes are best 
used in combination with a rockfill toe 
because of dogging problems. 

Zoned Earthfill Embankment Dams: In 

zoned earthfill embankment dams, an 
impervious core is added and flanked on 
either side by pervious materials which 
enclose, support, and protect the core 
(Figure 420-1). Zoned embankment dams 
are the most reliable and most frequently 
used type of earthfill embankment dam. 
The upstream zone provides stability against 
rapid drawdown and controls seepage. 

Foundations for Earthfill Embankment Dams: 

The ideal foundation for earthfill embank- 
ment dams consists of, or is underlain at a 
shallow depth by, a thick layer of relatively 
impervious material. If earthfill dams are 
constructed on pervious materials, the 
foundation must be sealed with an impervi- 
ous cutoff core or blanket (Figure 420-2). If 
they are constructed on fine-textured or 
unconsolidated materiaJs, they require care- 
ful design to maintain stability. In such 
instances, an experienced engineer should 
be consulted. The side slopes of dams on 
fine-textured foundations must be flattened 
to reduce the unit load on the foundation 

Figure 420-2 shows how to treat pervi- 
ous foundations of varying depths. Figure 
420-3 shows treatment of stratified pervi- 
ous foundations, and Figure 420-4 shows 
how to treat foundations that have an 
overlying impervious layer. Figure 420-5 
shows construction over a saturated fine- 
textured foundation. 

Top Width Dimensions; 

Minimum top width dimensions for earthfill 
embankment dams are listed in Table 420- 
3. If the top will be used as a roadway, the 
width dimension should be at least 4 800 



Time-Saver Standards for Landscape Architecture 



mm (16 ft) and include shoulders to pre- 
vent raveling of the roadway edge, and 
provide driver safety. 

Settlement Allowance: 

Earthfill embankment dams should be built 
to allow for settlement. Table 420-4 lists 
expected settlement of earthfill dams based 
on the composition of the foundation. A 
minimum camber of 300 mm (12 in) should 
be specified for well -compacted low dams. 

Freeboard: 

All earthfill embankment dams must be 
constructed high enough above the maxi- 
mum water line to prevent wave action 
from spilling water over the top of the dam 
(Table 420-5). Freeboard requirements are 
dictated by the size of the reservoir, and the 
resulting fetch. 

Side Slopes: 

The degree of side slope on an earthfill dam 
depends on the stability and strength of the 
fill and foundation material. The more stable 
the fill, the steeper the slopes allowed (Table 
420-6). Side slopes can be contoured to 
blend in with surrounding landforms as long 
as good surface drainage is maintained. 

4.2 Diaphragm Rockfill Dams 

Diaphragm rockfill dams consist of a rockfill 
core and a waterproof diaphragm on the 
reservoir side of a dam (Figure 420-6). 
Rockfill dams have the following advantages: 

1. They provide safety against sliding. 

2. The rock may be grouted. 

3. Fewer problems with uplift pressure. 

4. The diaphragm can be placed after 
the embankment is constructed. 

5. The diaphragm is accessible for peri- 
odic inspection and repair. 

Materials: 

The type of rock used for the rockfill zone 
must not break or crush during hauling 
and placing, and it must resist disintegra- 
tion under freeze/thaw and wetting/dry- 
ing processes. 

Most unweathered igneous and meta- 
morphic rock works well, Well-graded rock, 
from 0.015 to 0.75 m' {1/2 ft' to 1 yd') in 
size, should be used. Enough fines should 
be present to fill the voids. 

Placement: 

Precautions must be taken to prevent the 
rockfill from settling and causing damage 



IMPERVIOUS ZONE 



PERVIOUS OR IMPERVIOUS - 
ZONE 




DOWNSTREAM SIDE 
PERVIOUS OR IMPERVIOUS 
ZONE 

— FILTER IF OVERLYING ZONE 
IS IMPERVIOUS OR ROCK FILL 

- TOE DRAIN 



PERVIOjJS FOUNDATION 



IMPERVIOUS STRATUM 
CUTOFF TRENCH 



SHALLOW PERVIOUS FOUNDATION 



GROUT CAP 
GROUT HOLES 
(MAY BE REQUIRED IF 
IMPERVIOUS STRATUM IS ROCK) 



IMPERVI0U5 ZONE 



C_ DAM 



PERVIOUS OR IMPERH0U5 
ZONE 



DOWNSTREAM SLOPE OF 
MIN. SIZE CORE (1:1) 

PERVIOUS OR IMPERVIOUS 




KEY TRENCH 

SHEET PILING OH CEMENT SLURRY 
WALL, BOUND CURTAIN CUTOFF 

PERVIOUS FOUNDATION 



IMPERVIOUS STRATUM ■»■ 



INTERMEDIATE DEPTH OF PERVIOUS FOUNDATION 



PERVIOUS OR IMPERVIOUS ZONE 
IMPERVIOUS ZONE 
BLANKET. EXTEND AS 




DEEP PERVIOUS FOUNDATION 



Figure 420-2. Treatment of pervious foundations. 
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Figure 420-3. Alternative treatment of pervious foundations. 



Table 420-4. SETTLEMENT 
ALLOWANCES FOR EARTHFILL 
EMBANKMENT DAMS 




Coarse Sand or Gravel 1% 



Silty or Fine Sand 2% 
Clay 5% 



Table 420-5. MINIMUM FREEBOARD (CREST HEIGHT) REQUIREMENTS 
FOR SMALL EARTH-FILL EMBANKMENT DAMS 

Minimum freeboard, Recommended freeboard , 
(mi) m (ft) m {«) 



Less than 1.6(1.0) 3(0.9) 1.2(4.0) 

1.6(10) 1.2(4 0) 15(5.0) 

4.0(2.5) 15(5.0) 1.8(6.0) 

8.0(5.0) 1.8(6.0) 2.4(8.0) 

16.0 (10.0) 2.1 (7.0) 3.0 (10.0) 

Source: U.S. Department of the Interior, Bureau ol Reclamation. Design ol Small PP»i J° ed . U S Printing OHltr, 
Washington. B.C. . 1977 



E Table 420-6. RECOMMENDED SIDE-SLOPE GRADIENTS FOR COMPACTED 
rrj EARTHFILL EMBANKMENT DAMS 

Q 



Fill material Upstream Downstream 

Clayey sand, clayey gravel, sandy clay, silty sand, silty gravel 1:3 12 



£ 

L/l Silty clay, clayey silt 1:3 13 



Source Soil Conservation Service. "Porlds-Plannlnft Design, Construction," Agriculture Handbook 
Number 590, USDA. lune 1987 



Table 420-3. MINIMUM TOP (CREST) 
WIDTH DIMENSIONS FOR EARTHFILL 
EMBANKMENT DAMS 



Height of dam, "I"!™ 1 "" JSf 
m (ft) width, m (ft) 
Under 3.0 (10.0) 1 J (6.0 ) 

3.4-4.2(11.0-14.0) 2.4(8.0) 

4 6-5.8 (15.0-19.0) 3,0 (10.0) 

6.0-7 4 (20.0-24 0) 3.6(12.0) 

7.6-10 4 (25.0-34.0) 4 2 (14.0) 

Source Soil Conservation Service, "Ponds-Planninp!. DeMgn, 
Construction. " Agricultural Handbook Number 590. USDA, 
June 19B2. 



to the impervious membrane. This can hap- 
pen at two stages: 

1 . During the construction stage If the 
rock material is not compacted suffi- 
ciently. Rockfill should be placed in 
layers 600-900 mm (2-3 ft) thick. 
Each layer should be sluiced, using a 
volume of water equal to 1/4 to 1 
times the volume of rock. Sluicing 
should take place during compaction 
with heavy vibratory rollers [e.g., 9- 
metricton (10-ton) 1400-rpm rollers]. 

2. During the first filling stage, owing to 
the weight of the water. Figure 420-7 
illustrates the mathematics of settle- 
ment in a diaphragm rockfill dam. 

Foundations: 

Diaphragm rockfill dams require founda- 
tions that exhibit little deformation. Dams 
should be constructed on: 

1 . Existing bedrock foundations consist- 
ing of hard, durable bedrock resistant 
to percolating water, free from faults 
and shear zones, and clear of silt, clay, 
sand, and organic material. 

2. Sand and gravel foundations, with a 
cutoff and diaphragm constructed to 
bedrock. 

Profile: 

The downstream slope of a diaphragm 
rockfill dam should be flatter than the nat- 
ural angle of repose of the dumped rockfill 
The upstream face should be slightly con- 
vex in order to close the contraction joints 
in the membrane as the dam settles. 

The crest width and freeboard require- 
ments are the same as for earthfill embank- 
ment dams (Table 420-3. Table 420-5). 
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Granular Base for Membrane: 
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Figure 420-4. Treatment of foundations with overlying impervious layer. 




Figure 420-5. Design of Earthfill Dam on Saturated Fine -Grained Foundation. 

The outside slope of both the upstream and the downstream stabilizing fills should be 
the same, but not greater than 3:1 



A zone of pervious well-graded sand and 
gravel, quarry fines, or rubble masonry is 
typically used as a base for the facing of a 
diaphragm rockfill dam. Material ranges in 
size from 5 to 75 mm (1/4 to 3 in) with 
fines.This zone should have a minimum 
horizontal width of 3 m (10 ft) and should 
be constructed in 300 mm (12 in) layers, 
wetted and then compacted by 9- to 18- 
metric ton (10- to 20-ton) vibrating rollers 

After placement, the zone can be 
dressed smooth to accept any type of fac- 
ing. Cutback asphalt [1 liter per m? (1 gal- 
lon per 40 ft ')] can be used to seal and sta- 
bilize the surface against erosion prior to 
constructing the facing. 

Typical Membranes: 

Typical membranes (i.e., facings) for 
diaphragm rockfill dams include: 

1 . Concrete (Figure 420-8) 

2 Asphalt (Figure 420-9) 

3. Timber (Figure 420-10) 

4. Steel (Figure 420-11) 
4.3 Masonry Dams 

Masonry dams can pass large flood flows 
over their crest without sustaining damage. 
Their construction costs may be higher than 
those of earthfill or rockfill dams of compa- 
rable height and crest length, but their 
long-term durability is much greater Figure 
420-12 illustrates stone and concrete 
masonry dams with overflow spillways. 

Foundations: 

A solid rock foundation is ideal for masonry 
dams, but a low dam can be built on a 
foundation of firm earth as long as the 
excavation is extended down to an imper- 
vious stratum with adequate bearing 
capacity. If a firm stratum is not present, 
piles must be used to anchor the dam to a 
firm foundation. The uplift pressure and 
buoyancy from tailwater must be consid- 
ered. Porous strata or earth materials that 
become plastic when wet are not suitable. 

Nonoverflow Design: 

To determine the finished elevation at the 
top of a masonry dam, a minimum free- 
board of 1.2 m (4 ft) above the maximum 
high-water surface in the reservoir is 
assumed. A profile based on the standards 
outlined in Table 420-2 is used. The final 
design width of the base and the down- 
stream slope are determined by stability 
analysis. Refer to 5.0 Stability Analysis of 
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S: Types of Dams 



Selection of the appropriate dam type is based on site conditions, cost considerations, and 
desired performance standards. Table 420-2 outlines selection criteria for small dams. 

1. Zoned embankment dams (Figure 420-1) are the most common and most reliable 
type of earthfill dam. Figures 420-2 through 420-5 show designs for various types of 
foundations. 

2. Diaphragm rockfill dams use a rockfill core and a concrete, asphalt, timber, or steel 
diaphragm on the upstream side of the dam (Figures 420-8 through 420-11). They 
should be constructed on bedrock or sand and gravel foundations. 

3. Masonry dams are more expensive, but offer greater durability and the ability to pass 
large flows over their crest (Figures 420-12 and 420-13). They should be construct- 
ed on sound rock if possible. 

4. Beaver-type and timber crib overflow dams are typically used for smaller dams that 
have short life spans, or where routine maintenance is not a problem Wood must be 
kept wet to prevent dry rot. Cnb dams may also be constructed out of precast con- 
crete units for greater durability. 
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Gravity Dams in this section for information 
on calculations. 

Overflow Design: 

The lip of a masonry dam should be sloped 
in front and designed with a large section 
to resist ice pressure. Figure 420-13 shows 
a slight curve at the crest and base to 
approximate the natural curve of falling 
water The stability of an overflow dam is 
determined by the same method used for 
nonoverflow dams. In situations where a 
longitudinal contraction joint at the down- 
stream toe is provided, only that portion of 
the dam upstream of the joint is used in the 
stability analysis. If an apron at the 
upstream face is used to reduce uplift and 
improve stability, it should be included in 
the calculations. 

Wing Walls: 

Wing walls function to join a masonry dam 
to the side banks of a stream, to prevent 
erosion of adjacent embankment fills, and 
to prevent seepage of water around the 
ends of the dam. The length of the path of 
percolation along any line beneath or 
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Figure 420-6. Typical diaphragm rockfill embankment dam. 



Figure 420-7. Settlement of rockfill 
material in diaphragm rockfill dams. 
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Figure 420-8. Concrete facing and 
cutoff slab for diaphragm rockfill 
embankment dam. 
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Figure 420-9. Asphalt facing and foundation cutoff for diaphragm rockfill 
embankment dam. 
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around the wing walls must not be less 
than the path of seepage beneath the dam. 
Wing walls should have a minimum thick- 
ness of 600 mm (24 in) and should have 
properly constructed footings They should 
be high enough to confine the maximum 
flow within the banks of the stream. 

Aprons: 

The configuration of aprons depends on 
the topography of the stream bed Erosion 
must be prevented from occurring around 
the ends A minimum thickness of 450 mm 
(18 in) is recommended for aprons, and 
they should be backfilled with porous 
material for drainage. 

4.4 Timber or Precast Concrete 
Cribbing Dams 

Two of the most common timber or precast 
concrete dams are beaver-type dams and 
crib dams. Most failures are due to leakage 
underneath the dam, undermining by the 
overfall, or rotting of the wood members. 

Beaver-Type Dams: 

Beaver-type dams are typically very low. A 
profile can be constructed from the criteria 
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Figure 420-10. Timber facing for diaphragm rockfill embankment dam. 
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Figure 420-11. Steel facing and 
ment dam. 



cutoff wall for diaphragm rockfill embank- 
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Figure 420-12. Two types of 
masonry dams. 
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CRIB DAM WITH DOWNSTREAM PLANKING CRIB PAM WITHOUT DOWNSTREAM FLANKING PRIMING PLANKS 



Figure 420-15. Typical crib dams. 

outlined in Table 420-2. If logs are used, 
they should all be drift-pinned. Bottom tim- 
bers in the dam are sometimes anchored to 
bedrock. Longitudinal logs should be laid 
with their butts downstream. Voids should 
be filled with gravel for drainage Plank 
flooring should be carried from well under 
the upstream earth fill up to the crest 
(Figure 420-14). All timber dams must be 
kept wet to prevent dry rot. 

Crib Dams: 

Crib dams constructed of timber or precast 
concrete units have advantages in instances 
where a drainage area is large, where an 
overflow dam Is necessary, or where it is dif- 
ficult to drain off the foundation for con- 
struction Crib dams are also a good alterna- 
tive in locations where rock fill is difficult to 
obtain or cost prohibitive (Figure 420-15). 

Foundations for crib dams should be 
excavated to a minimum depth of 300 mm 
(12 in) or, if unstable soils exist, to a deep- 
er, suitable foundation. 

Abutments for crib dams should be keyed 
into the side banks of the streambed to pre- 
vent washing around the ends. Rows of 
sheet piling should be driven to a depth at 
least the height of the dam below the pro- 
file. The rows should be staggered to form a 
better seal against seepage. The piling at the 
downstream end of the apron can be of a 
constant thickness but should reach a mini- 
mum depth of 750 mm (30 in) to prevent 
undermining. A 25 mm (1 in) space should 
be provided between the planks to drain off 
accumulated water in the crib on the down- 
stream side when the tailwater falls. Cribs, 
j£j abutments, and the apron should be filled 

C with gravel or small rocks. 
to 

Q Wood deck planking (upstream and 
— downstream) must be tied to the timber or 
nj precast concrete cribbing to prevent float- 
£ ing and bonded ice from plucking at the 
l/> deck All timber dams must be kept wet to 
prevent dry rot. Periodic maintenance and 
© the replacement of rotting timbers is neces- 
sary in order to ensure the long-term dura- 
^ bility of the dam. In terms of maintenance 



requirements, precast concrete cribbing 
and planking have proved to be more eco- 
nomical than timber cribbing. 



5.0 STABILITY ANALYSIS OF 
GRAVITY DAMS 



5.1 Forces Acting on Gravity Dams 

The forces that act on gravity dams must 
be accounted for in the design of the dam's 
cross section. Table 420-7 describes the 
forces acting on gravity dams. 

5.2 Calculation of Stability 

The processes that cause a gravity dam to 
fail are the same as those that act on earth 
retaining walls: Overturning, Crushing or 
settlement at the toe, and horizontal sliding. 

General Stability: 

Prior to checking a cross section for either 
overturning, crushing, or horizontal sliding, 
it should be checked for general stability by 
using the procedure outlined in Table 420- 
8, testing a 1 m (1 ft) wide strip of the dam. 

Overturning: 

If a dam were to overturn, it would revolve 
about its toe. The force resisting overturn- 
ing must be greater than the force tending 
to overturn the dam. To check a cross sec- 
tion for its tendency to overturn, divide the 
resisting moment by the overturning 
moment. A safety factor (quotient) of 2 or 
more is considered acceptable. Table 420-8 
illustrates the calculation of this test 

Crushing: 

To eliminate the possibility of crushing, the 
toe pressure of the structure (f) [measured 
in kg/nr' (psf)] must be less than the bear- 
ing capacity of the soil [kg/m- (psf)] Table 
420-9 lists approximate bearing capacities 
of various types of soil and rock. This table 
can be used for planning on simple pro- 
jects, however design of complex projects 
requires test borings and load tests made 
on-site. 



The pressure (f) at the toe of a cross sec- 
tion can be calculated from the following 
formula: 




where 



f = pressure at the toe, kN or kg/nr 
(psf) 

R. = downward force (weight or ver- 
tical component of the resul- 
tant), kN (lb) 

A = area of base in compression, m J 
(ft 3 ) (meaning a 1 m (1 ft) strip of 
the dam) 

e = eccentricity (distance from cen- 
terline of base in compression to 
point where line of force of resul- 
tant cuts base), m (ft) 

d = full width of base in compression, 
m (ft) 

Table 420-8 illustrates the calculation of 
this test. 

Horizontal Sliding: 

The force tending to cause horizontal slid- 
ing of a gravity dam is the horizontal com- 
ponent of the resultant (Rn). The force 
tending to resist sliding is the vertical com- 
ponent of the resultant (Rv) (the weight of 
the dam) multiplied by the coefficient of 
friction between the dam material and the 
type of soil on which the structure will rest. 
(Refer to Table 420-10 for average coeffi- 
cients of friction for concrete on various 
foundation beds.) A safety factor of 1.5 or 
more is considered acceptable. Table 420-8 
illustrates the calculation of this test. 

Other factors that help to resist horizon- 
tal sliding are: (1) deep construction into 
the ground to prevent undermining of the 
dam, and (2) roughening the rock bottom 
of the excavation for the dam to increase 
the coefficient of friction (Table 420-10). 
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Table 420-7. FORCES ACTING ON GRAVITY DAMS* 



WATER SURFACE 



•A = area of base, rr\2 (ft 2 ) 

a = acceleration due to earthquake, m/s 
(fps) 

d = full width of base from heel to toe. 
m [ft) 

e = eccentricity (distance from centerline 
of base to point where line ol force of 
resultant cuts base), m (ft) 

h - maximum depth of water, m (ft) 

h, = maximum depth of silt, m (ft) 

Rv = weight or vertical component of 
the resultant, kN (lb) 

Rt. = horizontal component of the 
resultant. kN (lb) 

W = unit weight of water. 9.8 kN (62.4 
pcf) 

H = height of dam. m (ft) 

M o unit weight of dam material, kN (lb) 




References 



F1 

F2 

F3 
F4 
F5 
F6 
F7 

Fa 

F9 
F10 



Water pressure: calculated for reservoir 
pressure (headwater). F1. acts at 1 /i h 

Weight of dam; F2 acts at mass centroid 



of design section: 

total moment weight 
total mass weight 



Weight of water on face of dam added to 
weight of dam 

Uplift pressure, subtracted from weight of 
dam 

Silt pressure 



Ice pressure: 

F6 acts 1 ft below the top of the reservoir. 

Vertical earthquake force 
Horizontal earthquake force (dam) 
Horizontal earthquake force (water) 
F9 acts 0.425 h above the base 

Water pressure: calculated for tailwater 
pressure 

For overflow use spillways. 

F10 acts at 1/3 h 

Resultant 



Pressure at the toe, psf 



4 9 hJ (31.2 M| 
Q= A (H M) 

|\ = A/2 (H M) 
[7= A/2 (H W) 

d(hiW+h]W ) 
2 

Horizontal pressure = 20 psf 



Horizontal force = 10 (hj) 
= 1-2000 psf 

0.555 awn? 



4.9 h? (31.2 M) 



Detailed analysis of all 
forces acting on the 
base of the dam 

A d 



Can be calculated by landscape architect for 
planning purposes 

Can be calculated by landscape architect 
for planning purposes 



Can be calculated by landscape architect for 
planning purposes 

Calculated by engineer based on foundation 
conditions 

Calculated by engineer where siltation is 
important 

Calculated by engineer 



Calculated by engineer using: "ER 1 1 10-2- 
1806, Engineering and Design, Earthquake 
Projects, May 16, 1983" (or equivalent 
source of data) 

Can be calculated by landscape architect for 
planning purposes 



A simple analysis, can be done by 
landscape architect for planning purposes 
(Table 420-7) 

Calculated by engineer to determine 
maximum bearing stress of foundation at 
toe of dam 



Source Adapted from Frederick S. Merntl. (ed.litindard Handbook tor Civil Enginery, McGraw-Hill, New VorV 1983 
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Table 420-8. STABILITY ANALYSIS FOR A GRAVITY DAM (EXAMPLE CALCULATIONS) 



E 



Concrete gravity dam placed an a hard 
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MOMeWT ARM OF DAM 



U.S. Calculation!" 



to 

E 
m 
Q 



Determining Lateral Force (Rh) 



1 . Calculate pressure of retained water, acting at h/3 (P): 
(Rh=0.5(unit weight of water Xheight of dam)') 

Determining Dam Weight (Rv) 



Rh=0 5(62.4><10)' 

Rh=3.320 lbs acting at 3 33 ft from t 



Rh-OiSt9»(3}J 

R„=44. 1 kN acting at 1 m from I 



2. 


Calculate weight of section unit A: 
(bi x h x Weight of material) 


2x10x150=3,000 lbs 


0.6x3x23.5=42 i kN 


3. 


Calculate weight of section unit B 
[0 5(ta x h) x Weight of Material] 


0.5<4x10)x150=3,000lbs 


0.5(1 2x3)x23.5=42.3 kN 


4. 


Add weights of units A & B. This equals 

the total weight of the dam's cross section (R»). 


3,000+3,000=6,000 lbs 


42.3+42.3=84.6 kN 


Determining the Central d 


5. 


Calculate the moment arm of unit A from the 
toe of the dam. The distance of the vertical line 
of action from the toe in this rectangular section 
Is found by: 
(0.5)bi + bj 


(0.5)2+4=5.0 ft 


(0.5X0.6) +1.2 = 15m 


6. 


Calculate the moment arm of unit B from the 
toe of the dam The distance of the vertical line 
of action from the toe in this triangular section 
is found by:: 
(0.67) bl 


(0.67)4 = 2.68 ft 


(67)(1 2) = 0.8 m 


7 


Calculate the moment of unit A: 
(Weight x Moment Arm) 


3,000x5 0=15,000 ft lbs 


42 3x1 5=63.45 kN m 


8. 


Calculate the moment of unit B: 
(Weight x Moment Arm) 


3,000x2 68=8,010 ft lbs 


42.3x0.8=33 84 kN m 


9. 


Add moments of units A & B to yield the total 
moment of the dam's cross section 


15.000+8,010=23,010 ft lbs 


63 45+33 84=97 29 kN m 


10. 


Calculate the moment arm of the dam's 
entire cross section 

Sum of Moments 

Sum of Weights 


23 ' 01 ° = 3.84 
6,000 


9729 , 1C 
= 1.15 m 

44.1 



o 

IN 
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Table 420-8, STABILITY ANALYSIS FOR A GRAVITY DAM (EXAMPLE CALCULATIONS) (continued) 




Determining the Resultant Force (R) 



1 1 . Calculate resultant force of water pressure 
and dam weight (R): 
R = (R*J + Rh2)°* 


(6,000' + 3, 12W = 6,762.7 lbs 


(84.62 + 44.1^0 5 = 95.4 kN 


12 Graphically construct a parallelogram of forces and 
draw in the resultant (R; Extend diagonal until it 
intersects base of dam If it passes within the middle 
1 12 of the base, it is considered generally stable 
The disance from the centerline of the dam base to 
the point where the resultant force cuts the base is 
the eccentricity (e) 


The dam is generally stable. 
e=0.90 ft 


The dam Is generally stable. 
e=0.27 m 


Testing for Overturning 


13. Divide the resisting moment by the 

overturning moment to check for tendency 
to overturn. A safety factor of 2 
or more is acceptable 


Resisting moment: 
6,000x3.84=23,010 ft lbs 
Overturning moment: 
3,120x3.33=10,390 ft lbs 


Resisting moment; 
84 6x1 15=97.29 kNm 
Overturning moment: 
44.1x1=44 1 kN m 


Rv x Moment Arm 
Rh x Moment Arm 


23 010 

= 22 Acceptable 

10,390 


97 29 = 22 Acceptable 
44 1 


Testing for Crushing (Settlement at the Toe) 


14 Test for crushing: 

, Rv / 6e\ 
t = — 1 + — 
A \ oj 


f = 1.000(0 9) 


f 84.6 f 6(0.27)1 
= 1.8 I + 1.8 J 
/ = 47(1.9) 




f= 1.900 psf 


f = 89.3 kN or9 106kg/m2) 


Compare results with Table 420-9. 


Acceptable for hard rock. 


Acceptable for sandy-clay foundation 


Testing for Sliding 


15. Calculate the tendency to slide A safety 
factor of 1.5 or more is acceptable 






Rv x Coefficient of Friction 


6.000(1) _ ig2 


M - 6(1, = 1.92 


Rh 


3.120 


44.1 


Compare results with Table 420-10. 


Acceptable for hard rock 


Acceptable for hard rock. 



"As si) men i 1 ft chick trtt Unp tot ciltiiallur 
h A*54jrr>« . i m thtck (m itnp lor eakuLibor 



Time-Saver Standards for Landscape Architecture 



420-14 



Table 420-9. APPROXIMATE BEARING CAPACITIES OF 
VARIOUS SOILS AND ROCK* 



to 

E 
Q 

E 

O 





t/m 


Kg/m 


Ton/ft' 




Alluvial son 




4 500 


1/2 


1.000 


Soft clay 






1 


2,000 


Firm clay 




H.UC1U 




4.000 


Wet sand 


195 


19,000 


2 


4,000 


Sand and clay mixed 


19 3 


19.000 


2 


4.000 


Fin/* rlru <^nnH 

r 11 It Ul T IU 


29.0 


29.000 


3 


6,000 


. i ■ ■ rl.a*/ 
rldiu Cldy 


39 


38.500 


4 


8.000 


Coarse dry sand 


39 




•1 


8,000 


Gravel 


58.5 


58,000 


6 


12,000 


Gravel and sand 
(well-cemented) 


78.0 


77,500 


8 


16.000 


Hard pan or hard 
shale 


97.5 


97,000 


10 


20,000 


Medium rock 


195.0 


194.500 


20 


40,000 


Hard rock 


780 


779,000 


80 


160,000 



• Tons - U S ihorl tons (2000 lb), I - metric tons 

Source Adapted from Albc £ Munson. Camtructian Design tor landscape Architects McGraw-Hill, New York, 1975 



6.0 DESIGN OF MAJOR 
COMPONENTS 



6.1 Foundations 

Foundations must be designed to provide 
adequate bearing strength, and prevent 
sliding, seepage, piping, scouring, and 
excessive settlement in earthfill and rockfill 
dams. Refer to 4.0 Types of Dams and 
Selection Criteria in this section for design 
responses to various types of foundations, 



Table 420-10. 

AVERAGE COEFFICIENTS OF 
FRICTION FOR CONCRETE ON 
VARIOUS FOUNDATION BEDS 



Coefficient of 



Foundation I 



Rack (moderate) 

Rock (hard angular) 

Gravel 

Dry clay 

Sand 

Wet clay 



07 
1.0 
06 
0.5 
0.4 
0.3 



Source Adapted from Albe E. Muroon. Construction Design 
for Landscape Architects. McGraw-Hill New York. 1975 



Types of Foundations: 

The existing conditions of earth and rock at 
the site influence the selection of a dam 
type. These conditions include the thickness, 
inclination, permeability, and existing faults 
and fissures of the load-bearing strata. 

Five common types of foundations on 
which small gravity dams can be built 
include: 

Solid rock foundations: These are suit- 
able for all type of dams described In this 
section. Disintegrated rock is removed, and 
fractures are grouted to ensure long-term 
stability of the foundation. 

Gravel foundations: If well-compacted, 
gravel is suitable for earthfill, rockfill. and 
concrete gravity dams. Effective water cut- 
offs or seals are required in order to prevent 
or minimize water percolation. 

Silt or fine-sand foundations: These are 
suitable only for earthfill embankments. 
Appropriate steps must be taken to prevent 
settlement, to prevent piping and percolation 
losses, and to protect the toe on the down- 
stream side of the foundation from erosion 

Clay foundations: These are suitable for 
earthfill embankment dams, but special 
design treatment is required. Field testing is 
required in order to determine the load- 
bearing capacity and consolidation charac- 
teristics of the foundation. 



L» -»• -+ -V -i- -V 



T 
J 



* 



h, + h 2 • '/3L 



Table 420-11. LANE FORMULA 
TO DETERMINE RECOMMENDED 
CREEP RATIOS (R) 



Very fine sand and silt 8 5 

Fine sand 7 

Medium sand 6 

Coarse sand 5.0 

Fine gravel 4.0 

Medium gravel 3.5 

Coarse gravel including some cobbles 3.0 

Boulders with some cobbles and gravel 2 5 

Soft clay 3.0 

Medium clay 2 

Hard day 1.8 

Very hard clay or hardpan 1 6 

Note: If R for a critical section is Iras than the tabular value, 
additional flow resistance should be inserted in design sec- 
tion Limitations: The above B values, determined by the 
lane formula, do not lake into account (1) the importance 
of dam shape and (7) the fact that the line of creep may 
nol follow the most direct path of seepage (hi * L + h2) 

Source: Adopted from Elwyn t Scctyc. Design: Data Book 
tor Crvil Engineers vol 1 Wiley, New York. 1960, (from 
transactions of ASCI by E. W Lane. 1935 ) 



Nonuniform foundations: Design treat- 
ment by experienced engineers is recom- 
mended. 

Bearing Strength of Foundations: 

All weathered material must be removed 
from the surface of rack foundations. The 
rock's shear strength should be tested, 
unless it is of unquestionable durability. 

Consolidation and shear strength tests 
should be made on earth foundations to 
determine the expected degree of settle- 
ment and the required distribution of load- 
ing to prevent cracking. 
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Sliding: 

The surfaces of rock foundations must be 
cleaned to prevent sliding. On horizontally 
bedded shale foundations with thin beds, 
the foundation should be designed by an 
experienced engineer. Where danger of 
sliding is present, the dam must be 
anchored by using a weighted upstream 
blanket or an asphalt or concrete cutoff 
(see Figures 420-8 and 420-11) 

6.2 Drainage Problems 

Several techniques are commonly used to 
minimize seepage and piping, which are 
pervasive problems in the design of dams. 

Masonry or Timber Dams: 

The amount of leakage that occurs through 
foundations depends on the type of founda- 
tion on which the dam is built. On rock 
foundations, masonry dams typically have 
drilled drainage holes downstream to relieve 
uplift pressures on the base of the dam. 

On earth foundations, masonry and tim- 
ber dams require: 

1 . A cutoff of concrete or sheet piling dri- 
ven to rock or to an impervious stratum 

2. An upstream blanket of earth or 
concrete 



MIN. IMPERVIOUS ZONE - 

PERVIOUS SHELl 

ORIGINAL GROUND 
SURFACE 



^ DAM 
Z ► I 500 MM(a) J 




PEKV10U5 FOUNDATION 
DETAIL OF REVERSE FILTER. AT TOE QF SLQPE 



HORIZONTAL DRAINAGE BLANKET 
MEETING FILTER REQUIREMENTS 



Figure 420-16. Downstream Embankment Sections tor Pervious 
Foundations. Horizontal drainage blankets meeting filter requirements may be required 
beneath pervious shells in sections (A) and (B) to prevent foundation piping. The enlarged 
toe-drain detail illustrates a reversed filter and drain below the ground level to carry off 
water and thereby stabilize the embankment by lowering the water table, where founda- 
tions are pervious. 
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NORMAL WATER LEVEL 



DAM FACE 




Figure 420-19. Typical overflow 
spillway. 



, CONTROL GATE 

FRICTION LOSS - 
ENERGY LOST IN 




STREAM LEVEL . 



Figure 420-20. 
spillway. 



Typical chute 



3. A heavy downstream apron to 
increase the seepage length of the 
base of the dam 

The Lane formula is used to estimate the 
required length of the path of percolation 
under masonry dams to prevent piping 
(Table 420-1 1). The formula gives the ratio 
of the weighted creep distance to the net 
head on the dam. These ratios can be 
reduced to 80 percent of the values given, 
if filtered drains are properly used; or 70 
percent of the values given, if a flow-net 



analysis is also conducted. However, the 
weighted creep ratio should never be less 
than 1.5. 

Earthfill Embankment Dams: 

For leakage control, earthfill embankment 
dams require: 

1 A cutoff trench filled with concrete, 
earth (with bentonite), impervious 
earth, slurry, or a line of sheet piling 
(see Figures 420-8 through 420-12) 

2 An upstream filter blanket 
6.3 Filter Drains 

The design of small dams on homogeneous 
pervious foundations should include the 
use of pervious shells, horizontal drainage 
blankets, toe drains, pressure-relief wells 
(see Figure 420-4), or combinations of 
these if positive cutoff trenches are not 
provided (Figure 420-16). Filter drains of 
gravel or rock prevent piping (loss of core 
fines) by collecting the seepage and allowing 
it to flow away. Filter drains are also used on 
homogeneous pervious foundations overlaid 
by thin impervious layers (see Figure 420-4). 

Pervious Downstream Shells: 

The weight of the shell must be adequate to 
stabilize the foundation. Pressures must be 
relieved on the impervious layer. Shells must 
be designed to prevent piping or must be 
replaced with a horizontal drainage blanket 
designed to meet filter requirements. 




Horizontal Drainage Blankets: 

Blankets must have sufficient capacity to 
conduct the total amount of seepage from 
the embankment and foundation to the toe 
drains. A minimum blanket thickness of 
300 mm (12 in) is necessary to ensure con- 
tinuity. The thicker the layer, the greater the 
permissible deviation from the filter 
requirements given. Drainage trenches and 
pressure-relief walls can be used to reduce 
uplift and control seepage. 

Toe Drains: 

Toe drains are commonly installed with 
horizontal drainage blankets. They are pro- 
gressively increased in size; the smallest 
drains are laid along the abutment sections, 
and the largest drains are placed across the 
valley floor. They collect seepage and lead 
it to an outfall pipe which discharges into a 
spillway, outlet works stilling basin, or river 
channel below the dam where it can be 
monitored. Vitrified clay pipe, concrete tile, 
or high density polyethylene pipe is typical- 
ly used. Minimum depth of trench is 900 to 
1 200 mm (3 to 4 ft). The minimum pipe 
diameter is 150 mm (6 in). Pipes should be 
surrounded by aggregate that meets filter 
requirements. Two-layer filters are often 
required. 

Drainage Trenches: 

Drainage trenches are used when pervious 
foundations are overlaid by a thin impervi- 
ous layer (see Figure 420-4). They relieve 
uplift pressures in the pervious stratum. 
Typically, they are installed with toe drains. 




- COAR6E FILTER 

- FINE FILTER 

NOTE EXTEND FILTER ALONG DOWNSTREAM \ 
END OF FIFE FOR A DISTANCE EQUAL TO THE OVERALL 
HEIGHT OF THE DAM 



SECTION THROUGH SPILLWAY 



Figure 420-21. Typical drop-inlet spillway for a small dam. 
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They are not effective if the pervious foun- 
dation is stratified. More effective drainage 
can be accomplished by pressure-relief 
wells in these instances {see Figure 420-3). 

Filter Drain Requirements: 

The filter capacity of the drain must be ade- 
quate to handle the total seepage flow 
from the foundation and embankment, it 
must be permeable to ensure the discharge 
of seepage water at minimum uplift pres- 
sures. The gradation must be sufficient to 
prevent foundation and embankment soil 
particles from entering the filter and clog- 
ging it. The maximum particle size in the fil- 
ter material should be 75 mm (3 in). 

6.4 Cutoffs 

Cutoffs prevent excessive seepage through 
a dam by joining the impervious stratum in 
the foundation with the base of the imper- 
vious element in the dam. A watertight seal 
must exist along the upstream contact of 
the impervious membrane with the foun- 
dation and abutments (see Figures 420-8 
through 420-11). 

Cutoff Trenches: 

Cutoff trenches require a minimum bottom 
width of 2 400 mm (8 ft) and a maximum 
side slope of 1:1 (see Figures 420-2 and 420- 
3). They are cut along the centerline of the 
dam and extend into the impervious layer. 
The trenches are filled and compacted with 
thin layers of clay or sandy clay material. 

Cutoff Walls: 

Cutoff Walls are typically constructed of 
concrete (see Figures 420-9 and 420-11). 
They should extend from the upstream toe 
at least 900 mm (3 ft) into bedrock. They 
may require a deeper wall and/or grouting, 
and must provide support for the weight 
and thrust of the impervious membrane 

6.5 Surface Drainage 

Surface erosion from runoff tends to devel- 
op along the contact line between the dam 
abutments and the side slopes of the 
streambed (Figure 420-17). Runoff can be 
controlled by constructing a gutter of cob- 
bles, grouted riprap, concrete, asphalt, dry- 
rock pavement, or half-round pipe. 

Earth swales or open drains can be provid- 
ed to control surface drainage Discharge 
should be diverted from the toe drain away 
from the downstream toe of the embank- 
ment by the use of outfall drams or channels. 



6.6 Spillways and Fish Ladders 

Spillways protect some types of dams from 
overtopping during flooding, and keep the 
reservoir's water surface below some prede- 
termined level. The size, type, or location of 
a spillway will influence the choice of dam 
type. Runoff and streamflow characteristics 
determine spillway requirements. On streams 
with large flood potential, the spillway struc- 
ture will dominate the dam configuration. 
The need for a large spillway may suggest 
the adoption of an overflow dam where the 
spillway and dam can be combined into one 
structure, often at less expense. 

The probability of a spillway design flood 
should be determined. Typically, a range of 
0.1 to 0.01 chance per year is considered 
safe. The magnitude of the design flood (in 
terms of peak flow and volume) that corre- 
sponds to the selected probability of occur- 
rence should be determined Note that 
there is a ceiling to the flood potential: 
probable maximum flood (PMF). In most 
cases, the magnitude of the PMF can be 
determined for any station on any river. 
Peak flow can be determined by extrapo- 
lating a flood frequency curve toward the 
ceiling of the PMF (Figure 420-18). 

The conventional hydraulic design of the 
spillway and stilling basin should be based 
on the maximum reservoir level without 
wind. This design should be checked for a 



discharge resulting from maximum reser- 
voir level, including full wind buildup. 

Masonry Spillways: 

Several types of masonry spillways are com- 
monly used in dam construction, the most 
important of which are overflow spillways, 
chute spillways, side-channel spillways, 
drop-inlet spillways, and siphon spillways. 

Overflow spillways refer to the flow of 
water over the crest of the dam (Figure 
420-19). Refer to 4.3 Masonry Dams in this 
section for information on overflow sec- 
tions of masonry dams. 

Chute spillways are used with both 
earthfill and rockfill dams where the topog- 
raphy allows the construction of a chute to 
carry the water away from the toe, thereby 
eliminating the danger of undermining. The 
side walls of the chute are designed as 
gravity, cantilever, or lining walls (Figure 
420-20). 

Side-channel spillways are used in nar- 
row canyons where it is impossible to 
obtain sufficient crest length for overflow 
or chute spillways. The channel normally 
runs parallel to the river. 

Drop-inlet spillways refer to vertical 
shaft inlets with a horizontal conduit 
extending through the dam to the base of 
the downstream face. Figure 420-21 illus- 



The calculation of dam stability is similar to earth retaining walls. Table 420-8 
outlines a sample calculation for stability analysis in U.S. and metric units. Additional 
design considerations include: 

1. Solid rock or compacted gravel provide the best foundation for all dams Silt or clay 
foundations are suitable only for earthfill embankments. Ceotechnical engineers should 
be consulted for construction on non- uniform foundations. 

2. Seepage and the loss of core fines (piping) are pervasive problems in the design of 
dams. Cutoffs, drainage blankets, pervious shells, and filter drains may be used to avoid 
these problems. Selection of the appropriate method depends on the type of dam, and 
the foundation, 

3. Spillways are designed to prevent nonoverflow dams from overtopping during flood- 
ing. Spillways may be constructed out of earth or masonry. Selection of an appropriate 
design depends on the flood potential and physical characteristics of the dam site. 

4. Fish ladders may be required to allow passage of fish over the dam. A variety of 
designs are used, but typically provide stepped pools with an average slope of 4:1 
(Figure 420-24). 

5. Drain pipes or drop inlets may be installed to maintain prescribed flow through the 
dam. Pipes must be properiy bedded to prevent failure, and should be designed by a 
geotechnical engineer. 

6 Upstream slopes should be protected with facing materials listed in Table 420-14. 
Downstream slopes of earthfill dams should be faced with rock or sod. 
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TABLE 420-12. Permissible Velocities for Vegetated Spillways 




Slope of outlet c 



0-5% 5-10% 



Vegetation 



Bermuda grass, bahiagrass 


2 400 


2 100 


l 80< 


1 500 


Buffalograss, Kentucky bluegrass, smooth 
brome. tall fescue, reed canarygrass 


2 100 


1 800 


1 500 


1 200 


Sod-forming grass and legume mixtures 


1 500 


1 200 


1 200 


900 


Lespedeza sencea, weeping lovegrass, yellow 


1 050 


1 050 


750 


750 



bluestem. native glass mixtures 

• Increase values 10% when the anticipated average use ot the spillway is not more frequent than once in i years, or 25% 
when the anticipated average use s not more trequenl than once in 10 years 

• • Those with a higher da/ content and higher plasticity, typical soli tentutrs are silty clay, sandy clay, and rlay 

• ■ • Those with a high content ol line sand oi sill and lower plasticity, or nonpUstic, typical soil te.lores are line sand, Silt, sandy 
kum, and silty loam. 

Source- 'Ponds- Planning. Design. Construction. - Agnculturr Handbook No 590. USOA Soil Conservation Seivice. June 1982 



trates a typical example of a drop-inlet spill- because of the cost of the head works 

way for a small dam. (Figure 420-22). 

Siphon spillways hold the water level of Earth Spillways: 
reservoirs within close limits. They are not 

suitable for handling large variations in Earth spillways consist of three elements: 

flow. They are also relatively expensive an inlet channel, a level portion, and an 

outlet channel (Figure 420-23). 



SUMMIT 
THROAT 




a r Hii fc i i fE WM iair 
NEAR VERTICAL LOWER LEG WITH DIVERGING OUTLET 



ENLARGED INLET 
WITH GUARD RACK — | 
PRIMING HEAD 

MAX, LEVEL f 

NORMAL LEVEL -] j 

- ri 



SIPHON BREAKER VENT 
THROAT 



-CREST 

STEEL PIPE ON PEDESTALS Oft 
CONCRETE PIPE CKAOI ED IN 
CONCRETE 




FOOTINGS BET SUFFICIENTLY 
PEEP TO AVOID BEING 
UNDERMINED ____ 



BLEEDER PIPE DRAIN J 



Figure 420-22. Typical siphon spillway for a small dam. 



Permissible spillway velocities can be 
determined from three factors: the vegeta- 
tion type (degree of retardance), the natur- 
al slope of the outlet channel, and the soil 
erodability factor (Table 420-12). 

Earth spillways require regular mainte- 
nance, including the repair of erosion chan- 
nels, the removal of brush and trees, and 
the clearance of trash from the inlet chan- 
nel of the spillway. 

Fish Ladders: 

In the United States most local and state 
laws require that dams be constructed with 
a provision of some means for the safe pas- 
sage of fish. Fish ladders, although built in 
a variety of configurations, essentially con- 
sist of an inclined trough with an average 
slope of 1 :4, baffled to form stepped pools 
in which the water flows at a velocity 
against which the fish can easily swim 
(Figure 420-24) In the United States, spec- 
ifications for fish ladders are typically fur- 
nished by state authorities. The location 
and design of the entrance to a fish ladder 
is critical. The entrance to the lower end 
must be located in an eddy and in the path 
of migration. The minimum water depth 
should be approximately 1 m (3-4 ft). 

6.7 Outlets 

Dam outlets serve to maintain a live stream, 
preserve downstream uses of water, abate 
water pollution and allow the emptying of 
a reservoir for inspection, maintenance, or 
repair. Dam outlets are also used as service 
spillways when used in conduction with 
bypass overflows or when used as flood 
control regulators. 

The outlet works and their controls are 
designed to release water at prescribed 
rates, as determined by downstream 
requirements, flood control regulations, or 
storage considerations. Any outlet pipe 
under a dam on an earth foundation must 
be properly bedded to prevent failure 
along the pipe. This design should be 
approved by an experienced geotechnical 
engineer. 

Drop-inlets consist of a pipe barrel locat- 
ed under the dam, with a riser connected 
to the upstream end of the barrel (Figure 
420-25). The diameter of the riser must be 
somewhat larger than the diameter of the 
barrel if the tube is to flow full. Since small- 
diameter pipe is easily clogged, a minimum 
pipe size of 150 mm (6 in) in diameter 
should be used. 

Drainpipes provide a means for both 
partial and complete drainage of reservoirs 
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ONE HEADWATER POOL NEEDED 
•O*. APPROX. EACH 2 FT. Of 
WATER LEVEL DRAINOOWN 



BTOf FtANKS 



WALL A WALKWAY 



SKATING COVERS MAY 
BE NEEDED TO GUARD 
AGAINST PREDATORS 
& POACHING 




STOP PLANKS INTO 
HtADWATLK 



Z FT. MIN. 
ABOVE HIGH 
WATER _ 



WALKWAY 



stop planks into 
tailwater. min. water 
de pth appro*. 3' -0* at - 
entrance entrance to b 
in eddy and in path of ml 



NOTE: BRACING. CROSS TIES, ETC. NOT SHOWN 



BEVEL OJT 
DOWNSTREAM 



V TO 6' 



DEPTH , 




t'-6" TO 2-6" 



ALTERNATE 
PARTITION 
WITH 
V NOTCH 



POOL DIM 


ENSiONS 


SALMON ETC, 


SMALL FISH 


OROP ■ ir TO 16" 
LENGTH- fl'-O 
WIDTH • 6' TO 8' 
DEPTH • 6' MIN. 


« 
6' 

4' TO 6' 
4' MIN. 


NOTE: ABOVE FOR ORDINARY 
RUN6. SPECIAL STUDY REffD 
FOR EXTRAORDINARY RUNS. 



NOTE: 

CONCRETE PARTITIONS ARE MORE 
EXPENSIVE THAN WOODEN PARTITIONS 
BUT REQUIRE LESS MAINTENANCE. 
PRECAST PARTITIONS ARE CHEAPER 
THAN WHEN CAST IN PLACE. 

CONSTRUCTION MAY BE OF CONCRETE. 
STEILPLATE, OR TIMBER. ROUND 
AND SMOOTH ALL EDGES. NOTCHES & 
PASSAGES. 

PROVIDE ADDITIONAL ENTRANCE 4 
Exn POOLS IF REQUIRED. EXTEND 
ACCESS WALKWAYS FOR OPERATION S 
MAINTENANCE. 

PROVIDE REST POOL FOR EACH 15 TO 
ZO FT. OF HEADRJSE- 



Figure 420-24. Typical pool-type fish ladder. 




Figure 420-25. Typical drop-inlet trickle tube with drain pipe. Trash racks and baffles at all intakes are not shown. 
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Table 420-13. COMMON MATERIALS USED FOR DAM FACE PROTECTION 



tWO FEET A90VE HIGH WATER 
TO AUOW FOR WAVE ACTION j flSMtf 

i.^Mfg^ 



Type of material Slope 



Depth 



Riprap (dumped) 



Upstream 
Downstream 



Riprap (handplaced) Upstream 

Downstream 



Concrete 



Upstream 
Downstream 



Asphalt 

Steel 
Sod 

Reinforced earth 
Rock cobbles 
Soil cement 

Grouted riprap 



Upstream 
Downstream 



Upstream 
Downstream 



Upstream 
Downstream 

Downstream 



Upstream 



Upstream 



Concrete injection mats Upstream 



Gabion mats 



Upstream 



450-900 mm 
(18-36 in ) 



300 mm (12 In.) 
minimum 



150 mm (6 in.) 
minimum 



100 mm (4 in.) 

layers 

minimum 



75-300 mm 
(3-12 in.) 

900-3 000 mm 
(3-10 ft ) 
horizontal 



150-300 mm 
(6-12 in.) 



150-200 mm 
(6-8 in.) 



150-300 mm 
(6-12 In.) 



Placed 100-150 mm (4-6 in.) 

above elevation reached by 

normal spring flood 
Best type of protection for low 

ultimate cost 

Not suitable for areas with 

settling 
Relatively expensive 

Should extend from crest to 

below minimum water level 
Expensive 

Not suitable for areas with 

settling 
Laid rnonodthically or with 

few sealed joints 
Precast blocks suitable for less 

important structures 
Requires higher freeboard 

(sometimes wave wall) 

Requires higher freeboard 
(sometimes wave wall) 



Expensive 
Seldom used 

Native grasses suitable 
Drainage berms required 
Fertilizer and uniform 
trngation required to 
establish the sod 

Designed as complete dam 
structure 

Suitable for arid regions 



May be used in lieu of riprap 
where rock of adequate 
sire is not locally available 

Rolled compacted concrete 

Stone placed In a mortar bed 
and tilled in with mortar 
Economical for small dams 
with cheap source of 150 - 
300 mm (6-12 in.) stone 

Economical 
Easily installed 
Useful for small ponds and 
channels 

Economical where only small 
stone sizes are available- 
Used only for temporary 
structures 



for safety and maintenance reasons. A suit- 
able gate or other control device should be 
installed, and the drainpipe should be 
extended to the upstream toe of the dam 
(Figure 420-25). 

6.8 Dam Facing 

Upstream Slope Protection: 

Upstream slopes of dams should be pro- 
tected against wave action and burrowing 
animals. Common materials used for dam 



facings are listed in Table 420-13. 
Protective materials should extend from the 
crest of the dam to 0.6 m (2 ft) below min- 
imum water level. They should be sized for 
wave action and terminated on a support- 
ing berm (Figure 420-26). Upstream riprap 
should be protected with suitable 
filter/transition layers. Refer to Section 880: 
Geotextiles, for more Information on the 
use of fabrics for slope protection. 




IMPERVIOUS FACE 
MATERIAL 

(ASPHALT. CONCRETE 
OR EQ) 



Figure 420-26. Slope protection for 
small dams. The required minimum 
depth may be obtained by trenching. 

Downstream Slope Protection: 

No special surface treatment is required for 
downstream slopes if the downstream zone 
of an embankment consists of rock or cob- 
ble fill. Downstream slopes of dams with 
outer surfaces of earth, sand, or gravel 
should be protected against wind and 
water by a layer of rock, cobbles, or sod 
(see Table 420-13) 
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1.0 INTRODUCTION 



1.1 General 

This section covers the structural 
design of pedestrian and vehicular 
pavements typically encountered in 
residential, urban, institutional, and com- 
mercial site planning applications. It focus- 
es on construction factors required to 
accommodate various applications, with 
regard to loading, subgrade. climate, cost, 
and maintenance. 

This section is supplemented by data 
contained in other sections of this hand- 
book. Division 800 provides design and 
construction data on a variety of materials 
used for paving. Sections 820: Asphalt, and 
830: Concrete, refer in considerable detail 
to the use of these two materials for 
paving, and provide names of agencies, 
organizations, and manufacturers of vari- 
ous products. Division 900 includes many 
examples of paving details for a variety of 
uses. It also includes examples of related 
details, such as curbs, dividers, and edges. 

1 .2 Pavement Contexts 

Pavements are generally classified by their 
intended use within a particular landscape 
or design context. Pavement types and 
structural characteristics are modified by 
application loading (heavy, medium, or 
light duty), subgrade bearing capacity, cli- 
mate, installation, and maintenance costs. 
Table 440-1 illustrates how a decision 
matrix might be used to help design a par- 
ticular pavement within the contexts listed 
and illustrated in Figures 440-1 to 440-9. 



2.0 BASIC COMPONENTS 



Pavements are layered composite structures 
designed to bear pedestrian and vehicular 
circulation loads, while providing an even 
well-drained surface. The structural layers 
of pavement commonly consist of a pre- 
pared subgrade, an aggregate base, and a 
wearing or surface layer. Figure 440-10 dia- 
grammatically illustrates the components of 
a typical light road or heavy path pave- 
ment, indicating provisions for clay soil 
construction, including an additional aggre- 
gate subbase, a subgrade fabric separator, 
and a perforated subdrain pipe system. If a 
flexible pavement is used, it is common 
practice to restrain the edge to prevent lat- 
eral creep. All subdrams must be placed 
below the local frost line. 

2.1 Subgrade 

The subgrade is the soil layer beneath the 
pavement which bears the design load, 
receives infiltration water, and is subject to 
ground water infusion due to seasonal fluc- 
tuations or upward capillary migration. It 
may consist of existing site subsoil at the 
bottom plane of a grading cut, or a con- 
trolled structural fill, placed in compacted 
lifts. In either event, it is commonly referred 
to as "prepared subgrade," because a field 
operation is typically required to prepare 
the new subsurface to insure proper pitch, 
elevation or depth, and uniformity. In most 
circumstances, the subgrade is sloped par- 
allel to the finished pavement surface to 
insure proper drainage 

Subgrade bearing capacity, uniformity, 
and permeability are key factors in deter- 



mining various pavement layer thicknesses 
Mitigating devices such as fabric separator, 
act to prevent fine colloidal soil from 
migrating upward into the aggregate sub- 
base (Refer to Section 880: Geotextiles for 
specific references). Uniform subgrade 
moisture content is essential to reduce gen- 
eral deformation and differential swelling in 
clay and in frost/thaw conditions. 
Perforated subdrains aid in stabilizing fluc- 
tuating water tables and periodic high infil- 
tration rates (Refer to Section 810: Soils 
and Aggregates, and Section 130: Site 
Construction Operations), 

2.2 Aggregate Base and Subbase 

The base layer consists of a graded aggre- 
gate foundation that transfers the pave- 
ment load to the subgrade in a controlled 
radiating manner. The base also prevents 
upward migration of water through capil- 
lary action, and acts to diffuse infiltrated 
storm water. Light duty pavements typical- 
ly require a single layer of sand or stone 
dust to serve both as a setting bed, as well 
as a structural base. 

Heavy-duty pavements or weak sub- 
grades, usually require an additional layer 
of base material, called a subbase, which 
also consists of a clean but coarser-graded 
aggregate layer. Both aggregate base and 
subbase typically extend beyond the pave- 
ment edge to provide lateral support, and 
to prevent uneven subgrade loading. In 
heavy clay circumstances, the subbase is 
often extended well beyond the pavement 
edge to discourage lateral water migration 
under the pavement. Care must be taken 
when fine bases are placed on top of 
course subbases to prevent fines from 



Table 440-1. PAVEMENT CLASSIFICATION BY TYPE, CONTEXT, AND SITE FACTORS (Example Matrix) 
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1 



c 
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I/. 
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t_.indic.ipt. Types: 




Subsoil 

(WD, C, 
Deck) 


Climate 

(HA, HH, 
T, Cd) 


Cost 

(H.M.L) 


(H.M.i.) 


Public Plaza 
lownscape 
Athletic Facilities 












Highway 
Urban Streets 
Parking Facilities 












Public Garden 
Roof Garden 
Private Garden 













(Key: H= High. M= Medium, 1= Low: Hv 



ght; WD= Well Drained. C= Clay. Off k ■ Root Deck: HA= Hot And. HH= Hot Humid. T= Temperate. Cd^ Cold) 



Note Individual pavement typ« may be designed to accommodate thr typical variables, rioted in the table above For example, a Public Plan pavement supporting hravy duty loads on a day 
subgrade in a Hot-Humid climate, within a moderate Installation and maintenance budget would require a specific thickness, subbase depth, and limited material and construction options 
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Figure 440-1. Public plaza pavements. Pavements are typically subjected to medium to heavy duty loads due to dense pedestri- 
an traffic, service and emergency vehicle access, and large-scale mechanical maintenance practices. Cost per square or linear unit is 
often high due to the need for more durable finishes and stronger materials requiring frequent repair from sustained use and periodic 
access to buried utilities. 




Figure 440-2. Townscape pavements. Pavements may range from light to heavy duty based upon particular vehicular loading, 
but are generally rated as light to medium duty. Pedestrian traffic is less dense and materials tend to be moderate in strength, typical 
of suburban and exurban environments. Costs associated with installation and maintenance tend to be moderate. 




Figure 440-3. Athletic facility pavements. Pavements typically range from light to medium duty, but occasionally must accom- 
modate heavy duty exposition vehicular loads. This group of pavements are commonly associated with track, field, court, and arena 
settings. Installation costs are high due to special subgrade preparation and drainage requirements, and long term maintenance is high 
due to uniformity requirements, specialized equipment, and proprietary surface specifications. 
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Figure 440-4. Highway pavements. Pavements range from medium to heavy duty due to heavy traffic loads, speed, and special- 
ized design requirements, typified by multi-layered and reinforced construction, with special emphasis on complex sub-base design. 
Both installation and maintenance costs are high, but vary by climate zone. 




Figure 440-5. Urban street pavements. Pavements are similar to Highway types, but have potential for greater variety due to 
lower speeds, and some weight restrictions (no trucking zones). Installation and maintenance cosfs are typically high. 



C 

u 




O Figure 440-6. Parking facility pavements. Pavements are commonly light to medium duty due to low velocity and weight require- 
^ ments. and may include reinforced turf, aggregates, unit pavers, and impervious surfacing. Installation and maintenance costs are typ- 
ically low to moderate, but may be influenced by extreme climate conditions. 
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Figure 440-7. Public garden pavements. Pavements may range from light to heavy duty due to the variety of internal settings 
typically encountered. Large crowds and special festival or concert events require medium to high installation and maintenance costs. 




Figure 440-8. Roof garden pavements. Pavements must be light weight and durable due to extremely variable conditions. Costs 
are medium to high due to special substrate and drainage requirements, and are greatly influenced by climate variables. Durability is 
important due to the high cost of repair and replacement in such restricted settings (Refer to Section 610: Rooftop Gardens). 




Figure 440-9. Private garden pavements. Pavements are often modest and small in scale, but may include heavy duty applica- 
tions in highly refined circumstances. Costs are more governed by aesthetic choices rather than by heavy use. A wide variety of pave- 
ment types may be employed. 
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— PAVEMENT WEARING SURFACE (FLEXIBLE OR RIGID) 

_ AGGREGATE BASE EXTENDED IBO-200 mm (6-0-) 

AGGREGATE 5UBBA&E EXTENDED IN CLAY SOILS 

| PREPARED SUBGRADE WITH FABRIC ON CLAY 

SU8BA&E EXTENSION 

1/3 PAVEMENT WIDTH (IN CLAY) 

f 

150-200 

' 'a o. -f TURF SHOULDER 




Figure 440-10. Typical pavement components diagram. The components indi- 
cate provisions for clay subgrade conditions. The figure illustrates a variety of paving ele- 
ments required in severe conditions. 



washing down into the course material. 2.3 Pavement 
Such downward migration is typically pre- 
vented by means of asphalt penetrating The lament material reccves traffic wear 
sealants, the use of dense graded subbase and transfers loads t0 the b f * and sub " 
aggregate, or a fabric separator (Refer to « rade Pavements are classified as being 
Division 900: Details and Devices, for spe- elther fle * ible *JJ# and a * eithef mon °- 
cific examples of paving details). Ilthic or unit ' Additionally, they are porous 



Landuse, climate, substrate condition, level of service, and cost are prime determi- 
nants of structural pavement design and on-going maintenance requirements (Refer 
to Figures 440-1 through 440-9). 

1 . Landscape type indicates loading potential and probable use intensity. Prudent 
design uses aggregate bases and pavement finishes capable of accommodating asso- 
ciated pedestrian and vehicular traffic, including extreme cases for each type. 

2. Moisture loading and frost/thaw cycles are critical climate factors Pavements must 
be capable of withstanding the climate stresses and the maintenance practices 
required within each region. 

3. Frost/thaw climates and swelling colloidal soils significantly affect pavement design. 
Both require extra aggregate base material and positive subdrainage. 

4. In reduced budget circumstances, it is best to specify a less expensive finish surface, 
rather than reduce the cost of subgrade preparation or aggregate base placement 
for better long-term performance. 

5 Long term maintenance costs and projected length of service must be considered for 
cost comparison purposes. Pavement utility will diminish rapidly without periodic 
maintenance. 



or non-porous. (Refer to Figures 440-11 
through 440-13). 

Flexible Pavements: 

Flexible pavements commonly have thin 
wearing surfaces and relatively thick aggre- 
gate bases and subbases. A thick aggregate 
base will distribute design loads over a 
greater subgrade area and will limit sub- 
grade deformation potential. Pavement 
strength is derived from the aggregate base 
structure. 

Flexible monolithic pavements consist of 
aggregates, shredded rubber, or polymers 
which are mixed with an asphalt or propri- 
etary binder and placed on a prepared base 
to create a seamless monolithic surface. 
These pavements may be porous or non- 
porous, and firm or resilient, depending on 
aggregate and binder composition. Asphalt 
and resilient athletic surfacing are common 
examples and are typically 40-100 mm 
«Vi-4ta) thick. 

Flexible unit pavements typically consist 
of dry-laid, sand swept, butt jointed con- 
crete, brick, stone, or synthetic paving units 
placed on a sand setting bed and a pre- 
pared aggregate base. These pavements by 
virtue of their butt joint construction are 
porous to semi -porous. Flexible unit pave- 
ment applications may range from cobble- 
stone service roads to light-duty flagstone 
garden patios, and typically require edge 
restraints to prevent lateral creeping over 
time. Heavy duty applications require high 
silica content sand setting beds and dense 
graded aggregate bases to prevent the pul- 
verizing action evident in stone dust under 
repeated heavy loads. Unit thickness 
ranges from a minimum of 40 mm (17? in) 
for cut stone or pre-cast concrete, to 200 
mm (8 in) for vehicular granite cobbles. 
Heavy duty brick and masonry pavers are 
typically 80 mm (37j in) thick and are 
increasingly being used as unit pavers for 
streets and parking areas. 

Flexible pavements may require edge 
repair due to crushing, and periodic sealing 
to protect surface uniformity. Unit pavers 
may require periodic re-setting and weed- 
ing. These pavements, constructed with 
properly specified bases, are appropriate in 
cold climates and in clay subsoil areas due 
to their capacity to move uniformly during 
swell and shrink cycles (Refer to Figure 
440-11). 

Rigid Pavements: 

Rigid pavements (i.e. reinforced concrete) 
are structurally different than flexible pave- 
ments (Figure 440-12). Pavement loads are 
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Figure 440-11 . Typical flexible pavement section showing 
monolithic (A) and unit (B) types. Fabric separator subgrade 
reinforcing is often used in weaker soils to maintain structural 
integrity and to guard against deformation. Unit pavers subject to 
vehicular loading should use high silica content sand, rather than 
stone dust. 



Figure 440-13. Typical rigid pavement section showing 
monolithic (A) and unit (B) types. Although many local prac- 
tices place rigid pavements directly onto prepared subgrades, 
especially in warm climates, it is highly recommended to use an 
aggregate base for best long-term results. 



distributed internally within the rigid pave- 
ment and transferred to the subgrade over 
a broad area, in a manner similar to that 
found in a concrete spread footing. 
Generally, given equal soil types, rigid 
pavements require a thinner aggregate 
base thickness than flexible pavements 
designed to carry the same load (Refer to 
Table 440-2). 

Rigid monolithic pavements are typically 
constructed as cast-in-place reinforced con- 
crete slabs. Rigid unit pavements require 
unit pavers to be mortared or glued to a 
reinforced concrete base. Aggregate bases 
are used to insure subgrade uniformity, an 
essential condition for rigid pavement 



Table 440-2. PAVEMENT DESIGN LOADS AND TYPICAL DIMENSIONS 





Heavy Duty 150-200 mm' 
(6-8 in) 


150-200 n 
(6-8 in) 


im 115 mm 
(4 1/2 in) 


300-450 mm 
(12-18 in) 


Medium Duty 125-150 mm 
(5-6 in) 


125-150 n 
(5-6 in) 


im 65-75 mm 
(2 1/2-3 in) 


200-300 mm 
(8-12 In) 


Light Duty 100 mm 

(4 in) 


50-100 mr 
(2-4 in) 


11 50-65 mm 
(2-2 1/2 in) 


150-200 mm 
(6-8 in) 


•Static wheel loads on most municipal service paths, streets, and roads can ran*/ ttom 910 kg-4500 Ire (2.000 10,000 

lb'.l Although static wheel loads on major highways and freight ways can exrerd 6000 ka; (14.000 lbs), this table is restricted 

to the lesser loads of streets and roads more commonly associated with <itr construction 



• -fUgid pavement thickness will vary by lemenl content, re.ntorclne. and aggregate specification (Reinforcing is assumed) 




ID mm (3/8") POROUS SHE DOE D 
RECYCLED RUBBER PAVEMENT 
WITH PROPRIETARY BINDER. 
PLACED ON GRADED CRUSHED 
AGGREGATE AS PER MANUF. SPECS. 

75 mm (3") POROUS SHREDDED 
RUBBER BASE HI PROPRIETARY 
BINDER PER MANUF. SPECS. 
PLACE IN TWO COURSES 

1O0mrn (4') EVENLY GRADED 
AGGREGATE BASE AS PER 
MANUF 5PECS. 
PREPARED 6UBCrfcADF. 




196 mm * 196 mm a 05 mm 
(7-3/4- « 7-3/4'' » 3-1/B") 
CONCRETE PAVERS Wl 15 mm [1/2") 
NUB SPACERS 

Ift mm (1/2") SPACES FILLED W7 STONE 
5 mm(l/4")DIA. 

25 mm (1") 5 mm (1/4'J tXA. S10NE 
SETTING BED 

150 mm (6") DENSE GRADE AGG. BASE 
FABRIC SEPARATOR 
PREPARED SUBGRADE 



Q- 



E 

I 

on 



Figure 440-1 3. Typical porous pavement sections. (A) Porous pavements employ open structure wearing surfaces and special- iO 
ly designed aggregate bases with limited fines to insure free flow of infiltration water. (B) Unit pavers with spacer nubs allow free ^ 
drainage. Typically restricted to well drained subgrade conditions. ^J- 
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A. RIGIP PAVEMENTS 



STONE EDGE ON 

MORTAR SETTING BED 

R. FLEXIBLE PAVEMENTS 
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Figure 440-14. Aggregate base extension at pavement edge. Rigid pavements 
(A) and flexible pavements (B) employ extended aggregates bases. Edges may also be 
thickened in both concrete and asphalt applications. 



design. These pavements are suitable in 
areas that contain uniform subsoils with 
moderate bearing capacities. Mortared unit 
pavers are not recommended for cold cli- 
mates due to high maintenance require- 
ments and chemical and mechanical degra- 
dation. Site scale reinforced concrete pave- 
ments and bases commonly range in thick- 
ness from 100-150 mm (4-6 in). 

Table 440-2 indicates the thicknesses 
required to support various vehicular wheel 
loads for both flexible and rigid pavements. 
As the subgrade bearing capacity increases, 
the pavement thickness decreases. The 
thickness range is wider in flexible pave- 
ments than in rigid pavements due to the 
manner in which the load is transferred to 
the subgrade (Refer to Figure 440-12). 

Rigid pavements require periodic expan- 
sion joint cleaning and repair, and may 
require re-sealing of proprietary surface 
coatings 

Porous Pavements: 

Porous pavements are a class of pavements 
structured to allow precipitation runoff to 
drain freely through the pavement surface 
and aggregate base. Coarse aggregate 
containing no fines and bound with 
asphalt, is a very common type used in 
warmer climates. Specially designed unit 
pavers and turf grids over free draining 
aggregate bases are better alternatives for 
cold, temperate, and hot-humid climates. 
The pavement design must allow for peri- 
odic cleaning with chemical oxidants or 
replacement of drainage stone to avoid 



build-up of toxins from vehicular run-off. 
Unit pavers and turf grids are highly rec- 
ommended for this purpose. Thicknesses 
range from 50 to 100 mm (2 to 4 in), but 
all have specially designed aggregate bases 



and subbases (Refer to Figure 440-1 3, and 
Division 900 for typical porous pavement 
details). 

Porous pavement may require periodic 
flushing with oxidants to cleanse granular 
filter beds and associated perforated drain 
pipes. Edging may need re-setting (not rec- 
ommended for use in extremely fine clay 

soil 5). 

2.4 Pavement Edge 

Pavement edges require extra reinforcing 
to prevent breaking or crumbling due to 
eccentric loading, invasive plant roots, or 
wind erosion in coastal sandy soils. Special 
treatment is also required in clay soil condi- 
tions and frost/thaw regions 

Aggregate Base Extension: 

This is accomplished in both rigid and flex- 
ible pavements by extending the base 
beyond the finished pavement edge 
Typically the base is extended 150-200 Hull 
(6-8 in), but may extend 900-2 400 mm 
(3-8 ft) for roads built on clay subsoils 
(Refer to Figure 440-14). 



Pavement structural layers commonly consist of a prepared subgrade, an aggregate 
base, and a wearing or surface layer. Heavy loads or weak soils may require an addi- 
tional aggregate subbase. 

1. The subgrade must be prepared to achieve a smooth uniform surface which typically 
is graded to slope parallel to the proposed finish grade. 

2 Aggregate base material is typically placed in 100-150 mm (4-6 in) lifts for pedestri- 
an pavements, and 150-200 mm (6-8 in) lifts for vehicular pavements Preparation 
includes spreading, rolling, and vibrating to create firm consistent bearing density. 

3. Flexible paving transfers loads more directly to the subgrade and therefore require 
thicker aggregate bases than comparably loaded rigid pavements. 

4. Flexible pavements perform well in cold climates due to their ability to move uni- 
formly with frost/thaw cycles, and the lower maintenance associated with mortarless 
unit paver construction. 

5. Porous pavements are commonly limited to well-drained subgrades Porous unit 
pavers may perform more effectively in cold climates than porous asphalt due to the 
high potential for clogging from seasonal sanding 

6. Pavement edges are typically reinforced by extending the aggregate base and sub- 
base, thickening the pavement edge, or by the addition of metal, plastic, or stone 
restraining devices Unit pavers require restraining edging in all installations to pre- 
vent creep, and to provide structural reinforcement (Refer to Figures 440-14 and 
440-15). 

7 Fabric separator reinforcing is typically applied to the subgrade in wet clay circum- 
stances to help bind the aggregate, prevent upward migration of fines due to pump- 
ing, and to add tensile resistance to subgrade deformation (Refer to Figure 440-15). 
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PAVEMENT WEARING SURFACE WITH TAMPED EDGE 



AGGREGATE BASE EXTENDED 150 200 mm (6-6") 

AGGREGATE SUBBASE EXTENDED IN CLAY SOILS 
AND SET ON FABRIC SEPARATOR AND PREPARED 
SUBGKADE 

SUBBASE EXTEN5I0N 

1/3 PAVEMENT WIDTH (IN CLAY) 



I5O-2O0 



(«-&") 



TURF SHOULDER 



mm 



\\\\td\m\m\m\\\m r 



SUBDRAIN PIPE WITH 
FABRIC SEPARATOR 
WRAPPED AROUND 




A. TAPERED EDGE 



REINF. CONCRETE 
PAVEMENT 



EXPANSION JOINT EVERT 
^ 500 mm (26') WITH 
SEALANT BEAD FINISH 



A. CONCRETE EXPANSION JOINT 



3 



PAVEMENT WEARING SURFACE (FLEXIBLE OR RIGID) 
AGGREGATE BASE EXTENDED 150 200 mm (6-8") 

AGGREGATE SUBBABE EXTENDED IN CLAY SOILS 

300 X SCO mm (12 « 12") AGGREGATE BLIND 
DRAIN 3 000-* 500 mm (lO-lff) OC AT ROAD BANK 



5 TONE WITH METAL EDGE ON 
AGGREGATE BASE 



[6-B"l 



TURF SHOULDER 



• I 



I h-s a ( L' \ ) 

: M\m\m\\\mm 



— .. — 



FABRIC 5EPARAT0R 




A. CONTAINED EDGE 



REINF. CONCRETE PAVEMENT 
WITH MORTARED BRICK 



EXPANSION JOINT WITH 
SEALANT OVER BACKER 
BEAD IN BRICK JOINT 



Figure 440-15. Edge treatment in elay soil conditions. (A) Subdrain is placed at 
the subbase edge, and fabric reinforcement is placed on the subgrade and around pipe 
trench. (B) A flat edging stone is used to avoid need for a vertical curb trench, and peri- 
odic blind drain stone trenches relieve water pressure from the subbase. 



A. MORTARED BRICK EXPANSION JOINT 



Figure 440-16. Expansion joint in 
concrete (A) and mortared brick (B) 
pavement. Both details require joint 
sealant to prevent moisture and debris 
from entering the filler material, especially 
in (B). 



bJO 
c 

1 

T3 
C 

nj 

CUD 



I 

3 

O 



Time-Saver Standards for Landscape Architecture 



440-10 



c 

1 

T3 
C 

flj 

W) 
c 

o 

4 

3 

o 



Edge Thickening: 

In sandy coastal regions subject to wind 
erosion, pavements may be thickened at 
the edge to prevent undermining. Concrete 
slabs may be turned down and asphalt 
paving may be thickened using an extra 
base course. Thickened edges may range 
from 200-300 mm (8-12 in) in width. 

Edge Restraint: 

Edges of flexible pavements may be rein- 
forced with wood, steel, stone, or masonry 
curbs (raised or flush) for additional lateral 
support. Such restraining and containing 
devices are affected by heaving action of 
clays and frost/thaw cycles. Heavy wooden 
stakes should be avoided in these circum- 
stances. Metal "L" channels and polymer 
triangular profile devices, which are 
designed to float atop the aggregate base 
and which are secured with long nails or 
pins, are a better alternative for restraining 
pavement edges in all climates. 

Clay Soil Strategies: 

Figure 440-15 illustrates special edge 
detailing in moist or expansive soils, where 
the subgrade is sloped toward subdrains to 
ensure proper drainage. It is best practice to 
locate the subdrain outside of the aggre- 
gate base load bearing area. Alternatively, 
the subbase may be drained using aggre- 
gate blind drains set at regular 3 000-4 500 
mm (10-15 ft) intervals to relieve infiltra- 
tion water pressure which typically enters 
the subbase at the pavement edge. All such 
drains are typically wrapped with fabric 
separator to prevent silting. In highway 
applications, the subbase shoulder may be 
extended to Va of the total road width to 
prevent edge infiltration. Edge details in 
clay soils should avoid trenching required of 
vertical curbs, and should instead use edg- 
ing which has a flat bottom profile to avoid 
interrupting the lateral flow of subbase 
moisture. (Refer to Division 900: Details 
and Devices, for several examples of paving 
edges, curbs, joints, and dividers). 

2.5 Pavement Joints 

Rigid pavements require expansion and 
control joints to allow for contraction and 
expansion due to temperature fluctuations. 
Such joints may be butted, doweled, or 
keyed using pre-molded expansion joint 
fillers. All such expansion joints should be 
sealed with a bonding liquid filler to avoid 
moisture penetration and deposition of fine 
sands and silts during contraction periods. 
Sand accumulation in the joint, may inhibit 
its expansion capacity, resulting in pave- 
ment buckling. Local practices vary (Refer 



to Section 830: Concrete for details). 
Expansion joints must be expressed in 
mortared unit pavers to allow for true base 
slab isolation. Typically a flexible polymer 
backer rod is positioned within the unit 
paver expansion joint cavity and sealed 
with a liquid waterproof sealant. Figure 
440-16 illustrates typical expansion joints in 
concrete and mortared brick pavements 
respectively. 

Flexible pavements often abut rigid 
pavements and are subject to differential 
settlement A properly prepared aggregate 
base reinforced with a fabric separator on 
the subgrade is useful in preventing com- 
pression of the flexible pavement support 
structure at the joint, especially in vehicular 
loading circumstances. Differential settle- 
ment may be minimized when joining two 
different flexible pavements by maintaining 
a common pavement thickness so that a 
common aggregate base may be used to 
support both finishes If this is not possible, 
an intermediate material may be required to 
serve as an edge for each pavement type. 



3.0 PAVEMENT DESIGN CRITERIA 



3.1 Application 
Load-Bearing Ability: 

Heavy, medium, and light duty applications 
generally refer to the type of vehicular and 
pedestrian traffic which a pavement must 
accommodate. Heavy duty pavements are 
capable of accommodating vehicles, 
including trucks and buses typically found 
in city centers, institutions, large parks, and 
arterial highways. Medium duty pavements 
are capable of accommodating heavy 
pedestrian traffic and associated light ser- 
vice vehicles associated with institutions, 
private drives, parks, and light commercial 
settings. Light duty pavements are typically 
associated with residential and restricted 
public garden paths and plazas. 

Table 440-2 illustrates typical loads asso- 
ciated with various uses and design con- 
texts. Typical site scale developments 
require pavements that accommodate 
loads from 900 to 2 700 kg (2000 to 6000 
lb). Institutional walkways that provide 
emergency or maintenance vehicle access, 
require pavements that may accommodate 
loads from 900 to 1 800 kg (2000 to 4000 
lb), with adequate edge reinforcement. 
Such loads can be supported by 40 to 75 
mm (1Vj to 3 in) of asphalt concrete on a 
100 to 200 mm (4 to 8 in) aggregate base, 
or by 100 to 125 mm (4 to 5 in) of rein- 
forced concrete on a 100 to 150 mm (4 to 
6 in) aggregate base. Soil bearing ratings 



should lall within a CBR (California Bearing 
Ratio) of 40-70 (Refer to Section 810: Soils 
and Aggregates). 

Durability: 

Pavement design must accommodate sus- 
tained pavement loading as well as mainte- 
nance methods and natural weathering 
effects. Cold climates require pavements 
that are able to withstand the chemical and 
abrasive maintenance methods used in 
snow removal. Hot-humid and hot-arid cli- 
mates require pavements to withstand 
extreme daily temperature differentials and 
sustained wetness. Material porosity, densi- 
ty, hardness or flexibility, color, and finish 
are all characteristics which determine cli- 
matic compatibility and long-term durabili- 
ty. Appropriate structural design and detail- 
ing may extend a pavement's effectiveness. 

Safety: 

Both vehicular and pedestrian pavements 
are required to be universally accessible 
according to the standards set forth by the 
Americans with Disabilities Act, and are 
therefore constrained by texture, joinery, 
slope, drainage, and associated site furnish- 
ings. Pavement color and finish are also con- 
strained by reflectivity, glare, and permeabil- 
ity as they relate to climate setting (Refer to 
Section 240: Outdoor Accessibility). 

Aesthetics: 

Proper pavement design aims to achieve 
structural stability, environmental appropri- 
ateness, and cultural utility while at the 
same time complimenting the overall 
design in a way that is aesthetically pleas- 
ing. Figure 440-17 illustrates several com- 
monly used paving patterns achievable 
through both flexible and rigid paving sys- 
tems. Care must be taken to keep patterns 
and textures in scale with the larger design 
to avoid inappropriate complexity or bland- 
ness. Long term maintenance should be a 
major factor in determining final finishes 
and textural treatments to insure that the 
design intent may be properly maintained. 
Where limited resources are available, it is 
best to simplify to achieve a consistent 
overall appearance. 

3.2 Climate 

Regional climate factors of daily tempera- 
ture extremes, precipitation rate and fre- 
quency, and frost/thaw cycles heavily influ- 
ence pavement details and finishes. 

Hot Arid: A wide variety of materials are 
available in this climate zone. Materials are 
typically light in color to avoid heat absorp- 
tion, and may include glazed tiles and 
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porous finishes due to low humidity and 
relatively stable temperature ranges. 

Hot Humid: Drainage is critical to pre- 
vent build-up of mosses and algae, and to 
account for intense periods of precipitation. 
Light colors are often used to avoid heat 
absorbtion Stable temperatures provide for 
a wide variety of materials 

Temperate: Darker color; are typical to 
absorb radiant solar energy. Frost/thaw 
cycles require care in aggregate base prepa- 
ration and subdrainage. Heavy snow regions 
must account for abrasive clearing practices. 
Mortared unit pavers require heavy mainte- 
nance in extensive applications. 

Cold: Cold climate areas require similar 
treatments as the temperate zone, but with 
more restrictions. Flexible pavements are 
preferred over rigid and mortared unit 
pavers. Reinforcing steel must be placed 
carefully to avoid damage through chemical 
assault, or extreme expansion coefficient 
differentials within concrete slabs and curbs. 

3.3 Subgrade 

Well drained or clay subsoils, rooftop gar- 
dens, or other unique site subgrade fea- 
tures play a significant role in determining a 
structural pavement design strategy. 

Well drained soils: These soils are ideal 
for construction with regard to permeabili- 
ty and bearing capacity, and typically 
require only normal site preparation to 
serve as pavement subgrades. 

Clay soils: These colloidal soils are sub- 
ject to swelling due to moisture infiltration 
and have a high potential for lateral shear- 
ing. Vibration from vehicular loading may 
produce a pumping action resulting in 
upward migration of fines into aggregate 
bases Freeze/thaw actions create severe 
construction problems requiring dewater- 
ing, extra aggregate and fabric filtration 
and reinforcement. 

Roof structures: Pavement design is 
highly restricted due to loading and 
drainage requirements. Special drain mats 
and insulation are typically required under 
finish pavement surfaces (Refer to Section 
610: Roof and Deck Landscapes for more 
information). 

3.4 Cost and Maintenance 

Cost: 

Initial installation cost is a function of mate- 
rial cost, labor, business overhead and prof- 
it required to install the pavement and 
associated support structures. Long term 
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Figure 440-17. Commonly used pawing patterns for both flexible and rigid 
paving systems. 



cost is a function of length of service, annu- 
al maintenance requirements, and replace- 
ment value. Generally, costs are lower for 
simple one or two layer paving systems 
which require minimal edging, low cost 
material, and fewer labor and equipment 
operations. Conversely, multi-layered pave- 
ments constructed of durable expensive 
materials which require multiple opera- 
tions, cost more than do most simple pave- 
ments. Every layer and associated opera- 
tion carries a discreet cost per m 1 (ft 2 ). Cost 
therefore may be considered as equal to 
the sum of each layer installation cost per 



m 3 (ft 3 ). Examples of such layers or opera- 
tions are: 

1 Three sheep foot roller subgrade 
passes 

2. Aggregate subbase per 150 mm (6 in) 
lift with three passes 

3. Dense graded aggregate base per 100 
mm (4 in) lift with two passes 

4. Sand base per 100 mm (4") of sand 
vibrated with four passes 

5. Mortar setting bed per 25 mm (1 ") 
depth, etc. 
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Table 440-3. PAVEMENT CHECKLIST OF ADVANTAGES AND DISADVANTAGES OF VARIOUS PAVEMENT TYPES 



TYPE OF 
RAWING 




DISADVANTAGES 


In -situ Paving 


Concrvtn 


• Relatively easy to install 

• Available with several finishes, many colors and various 

• Durable surf ice 

• Year-round and multiple usage 

• Low lifetime maintenance costs 

• Long lasting 

• Low heat absorbency 

• Hard), nonresilnmt surface 

• Adaptable to curvilinear forms 


• Joints are required 

• Some surfaces are aesthetically unappealing 

• Can disintegrate »t not properly installed 

• Difficult to color evenly and permanently 

• Light color is reflective and can cause glare 

• Some types can deteriorate from deicmg salts 

• Relatively low tensile strength: can crack easily 

• Low resiliency 




■ Low heal and hghl reflectivity 

• Year-round and multiple use 

• Durable 

• Low maintenance costs 

• Dust- free surface 

• Resiliency can vary depending on mixture 

■ Water repellent surface 

■ Adaptable to curvilinear forms 


* Will Iray at edge', if not supported 

* Can soften in warm weather 

* Soluble by gasoline, kerosene, and other petroleum 
solvents 

* Susceptible to freeje damage if water penetrates 
base 


Synthetic 
Surfacing 

(proprietary! 


• Can be designed for a specific purpose te g , court games, 
track) 

• Wide color range 

• More restllent than concrete or asphalt 

• 5omeumei can be applied over aid Loncrete or asphalt 


■ Specially trained labor may be required lor 

installation or repair 
• More costly than asphalt or concrete 


Unit Paving 






• Nongtare surface 

• Nonskid surface 
■ Wide color range 

• Good scale 

• F. r r,.iy repaired 


• High installation cost 

• Difficult to clean 

• Can disintegrate in freezing weathrr 

■ Susceptible to differenbal settlement 

■ ■ ■ ;r ., , 




• Polished indoor/ outdoor appearance 


• Suitable only for milder climates 

• High installation costs 


Adobe 


• Fa%t and easy installation 

• Can last indefinitely if base contains an adequate amount of 
asphalbc stabilizer 

• Rich color and texture 


• !"-■■',! in numbly ai -hi- edge, 

• Store considerable amounts of heat 

■ Fragile; require level foundations (fracture easrly) 

• Dusty 

• Suitable only for warm and nonhumid areas 




• Ve*y durable If properly installed 

• Natural weathering quality 


• Moderately eaptnsive to imtnll 

• Might seem cold, hard, or quarty-hUe in appearance 
■ Coloi and random pattern sometimes difficult to 

work with aesthetically 

• Can become smooth And slippery when wei or worn 




* Hard and dense 

• Very durable under extreme weathering conditions 

* Will support heavy traffic 

• Can be polished to a hard gloss suiface that Is durable and 

I.'J' ; |K . ■ ■■ 


• Hard and dense; difficult to work with 

• Some types are subject to a high rate of chemical 
weathering 

• Relatively expensive 




• Easy to work with 

* Rich color and texture 


• Susceptible to chemical weathenng (especially m 
humid climates and ufban environments) 




• basy to wort wflh 
■ L'ui I'll 


» SusCMiUble In diwriicA ^«?al he-ring iirtoeunlly m 
humid climate* and urban environment) 




* : ■ ■ 

• Stow to weather 

• Range of colors 


• Relatively expensive 

» Can be slippery when wet 


Molded! 

Unit! 

(■ynthatic) 


• Can be designed or selected for various purposes (- e , firm, 
soft) 

* Sh ^.Ull.ttn in 1 'i i 

♦ Easy installation, removal, and replacement usually without 
specialized labor 

♦ Wide color range 


■ ... I |. ,,. 

• Higher Installation costs than asphalt or concrete 


Soft Paving 




• Economical surfacing material 

• Range ol colors 


• Requites replenishment every few years depending 
on amount of use 

• Potential for weed* 

• Requires edging 


Organic 
Material* 


• Relatively inexpensive 

• Compatible with natural surroundings 

• QuieL comfortable walking uirfatr 


• Suitable only tor hght traffic 

• requires penodic replenishment or replacement 


TlirfjffAftt 


- . ulful 

• Nonabraslve 

• Dust-free 

• Good drainage characteristics 

■ Quiet, comfortable walking surface 

• Ideal for many types ol recreation 

• Relatively luw installation costs 


• Dlffrult and expensive to maintain, especially m 
areas of heavy use 


Turf Black a 


• Same as turf alone but has added stability to withstand light 
vehicular loads 


• Requires high levels of maintenance (frequent 


ArtlflcUJ 
Tur* 


• Same as turf surface 

■ Can be used soonei after rams without wet spots 

■ Allows Flat grading ol playing surface 

• Available with built-in markings, etc 

■ No Irngation or maintenance problems as with natural 
turfgrass 


• Results In ahightrr riumttei o1 playef iri|urie< 
i regarding field sports) 

• Results m faster and higher ball roll and bounce 

• Initial installation costs higher than natural turfgrass 



No one lurface will meet the needs ol all outdciur activities Each Activity his Its own suitjce requirements 
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Table 440-4. BASIC PROPRIETARY PAVE/WENT SURFACES AND COATINGS 



Category of Un 
(Generic Maine*) 


Comments on Material and 
Ranees of Uses 


Proprietary Names and Sources 


Synthetic Emulsions 


Bonding Agents 


Specialized compounds used to bond one 
material to another, i.e., waterproof membrane to 
roof slab. 


There are too many trade names and manufacturers 
to attempt to list here 


Cushion Coals 


Special compounds of rubber granules, acrylic 
polymer with elastomers, and resin particles or 
fibers. Manufacturers recommend thickness of 
number ol layers (or various purposes 


Plexlcushlon IS by California Products Corp. 
Elasta Cushion ® by Julicher Athletic Engineering & 
Constructors 


Wearing or 
Weathering Surfaces 


Special compounds put ovei cushion coat or 
other materials to improve resistance to wear 
and weathering. Typically, several layers are 
needed and finish color and texture are 
incorporated into these 


Cushion court ® by Julicher Athletic Engineering & 

Constructors 
Flexipave by California Products Corp. 
Anstrak or Asitex ® by Athletic Surfacing 

International 
Acrylo-Kote ® by Koch Asphalt Co. 


Striping, Painting, or 
Resurfacing 


Special compounds or paints used by hand or 
machine to create striping or for adding color tor 
other purposes 


Plexicolor, Acrylic Line Paint, or Anylu Resurfacer ® 

by California Products Corp. 
Acrylo-lme Pain I 6 by Koch Asphalt Co 


Synthetic Surfacing 
Systems 


A combination of synthetic materials placed in 
layers with each layer serving a distinct function 
to form a final specified surface. 


Asilrak fa by Athletic Surfacing International 
Acrylic Surface by Koch Asphalt Co. 


Pre-formed Materials 


Artificial Turf 


Developed to provide a substitute for natural 
turf. It is generally made of nylon or other 
synthetics. 


Astroturf ® by Monsanto Co. 
All-pro Turf ® by All-Pro Athletic Surfaces 
Courturf ® by Julicher Athletic Engineering & 
Constructors 


Artificial Ice 


A synthetic material used as an alternative to 
natural or refrigerated ice. For ice or roller 
skating, certain tour! garnet, dancing, etc. 


Lenn-ice 8 by Julicher Athletic Engineering & 
Constructors 


Synthetic Units or 
Sheets and Rolls 


Molded modular sheet material used to create 
hard surfaces for court games, track, decks 
around pools, etc Can be made porous to 
permit drainage. 


Multideck ® by Julicher Athletic Engineering & 

Constructors 
Duragrid ■ by Duragrid Inc. 
Sportan ® by Sportan Surfaces Inc. 
Cal-trak, Plexicourt. and Plex-tac ® by California 

Products Corp 



Landscape design context often determines the types of pavements required for 
specific applications with regard to loading and wearing requirements (Refer to 
Figures 440-1 through 440-9). 

1. Walkways requiring occasional vehicular access for service should be designed with 
aggregate bases sufficient to support 900-1800 kg (2000-4000 lb) (Refer to Table 
440-2). 

2. Special maintenance procedures such as sanding, salting, and plowing in cold cli- 
mates can rapidly deteriorate some pavement types. Pavement selection should be 
limited to those types resistant to such stresses. 

3. Pavement surfaces, edge transitions, and slopes must conform to local codes and 
handicapped accessibility regulations. 

4. Complex and highly refined pavement installations typically require specialized main- 
tenance equipment and procedures to protect the aesthetic integrity of the design It 
is advisable to simplify the design if such resources are unavailable. 

5. Short term installation costs and long-term maintenance costs must be balanced to 
determine the true cost of a pavement per m 2 (ft 2 ). 

6. Each pavement material has advantages and disadvantages for any particular appli- 
cation with regard to climate restrictions, human comfort, reparability, cost, ease of 
installation and care (Refer to Table 440-3). 



Pavement costs must be analyzed on 
both a short-term and a long-term basis. 
Cost factors include initial installation, on- 
going maintenance, durability, and repara- 
bility For instance, a non-unit or rigid pave- 
ment that is difficult to repair is seldom a 
good choice in areas subject to frequent 
maintenance damage, or where access to 
underground utilities, etc., may be 
required. 

Embodied energy, or the total amount of 
energy required to produce and to trans- 
port a particular material is an additional 
measure to consider in total cost calcula- 
tion. Ideally, a pavement with a high 
degree of embodied energy, and a high ini- 
tial Installation cost should also possess a 
long service life potential. 

Maintenance: 

The actual cost of a pavement must factor 
in the annual maintenance cost. Often, a 
higher initial installation cost may result in a 
lower annual maintenance expenditure. 
Additionally, the service life of a less expen- 
sive installation may be short, requiring 
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complete replacement within a brief 8 to 10 
year period in severe conditions. It is pru- 
dent to invest in proper site preparation 
and aggregate base installation, due to 
their critical role in maintaining finish sur- 
face integrity. It is less prudent to place a 
high quality finish material over an inade- 
quate, or less expensive aggregate base 
and subgrade specification. 

Annual maintenance for pavements typ- 
ically requires periodic coatings, pointing, 
cleaning and sealing of joints, repair of bro- 
ken segments or settled areas, re-setting of 
unit pavers, and general sweeping to 
remove accumulated fines and debris. Unit 
paving typically requires more attention to 
maintenance of edges and vegetative inva- 
sion, but is easily repaired. Monolithic 
paving commonly requires less annual 
maintenance than does flexible unit paving. 

Long-term maintenance involves such 
cost considerations as reparability, special- 
ized equipment requirements (sweepers, 
washers, etc.), and periodic cleanings, and 
coatings. Embodied energy and transporta- 
tion costs represent a broader perspective 
on long term life-cycle costs. It is recom- 
mended that local and recycled materials 
be given priority over materials imported 
from other regions (Refer to Section 230: 
Energy and Resource Conservation). 



4.0 MATERIAL SELECTION 



Table 440-3 lists the advantages and disad- 
vantages of various types of pavement. 
Each type has both advantages and disad- 
vantages which vary by climatic region and 
use intensity. Specific activity requirements 
and legal regulatory agencies may restrict 
choices in many public and private circum- 
stances. 

Divisions 800: Materials, and 900: 
Details and Devices, contain technical data 
on various materials and their application in 
pavement construction. 

A number of key proprietary surfaces are 
briefly described in Table 440-4, grouped 
according to categories of use. These mate- 
rials are normally purchased in ready-mixed 
or manufactured form and sometimes 
require installation by licensed contractors. 

The variety of proprietary products avail- 
able and their range of application contin- 
ues to expand and to change. Trade and 
technical review journals, and proprietary 
manufacturers' literature and Internet sites 
are important information sources . 
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NOISE TRAVELS SHORT DISTANCE 
BEFORE BEING DEFLECTED 




USABLE SPACE 



GOOD USABILITY THROUGH 
SECURITY FENCE REQUIRES THE 
JSE Of A SEMI-TRANSPAREN1 
BARRIER 



Figure 450-1. Placement of privacy barriers. 
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Figure 450-2. Barriers for environmental modification. Fences, screens, and 
walls can be used to after microclimatic qualities of a space in several ways. Example 
here refers to the northern hemisphere 



1.1 General 

This section focuses on the basic principles 
and techniques of selecting, designing and 
constructing fences, screens, and walls typ- 
ically found in a variety of site development 
settings. Major design considerations, 
structural components, and methods of 
construction for fences, screens, and walls 
are provided. 

1.2 Design Process 

Program requirements: Determine the pur- 
pose and use of the proposed barrier, and 
the degree of exclusion and transparency 
required, as described in 1.3 Design 
Considerations. 

Schematic Design: a). Determine barrier 
location, type, size, and style; b). Identify 
climate modifications and general construc- 
tion methods; and c). Formulate data to 
support the design recommendations. 
Planting and grading should also be consid- 
ered as an alternative means of providing 
visual screens and physical barriers where 
space permits. 

Sizing, selection of materials: Walls are 
often designed from the top down, (i.e., 
determine wall widths, veneers and cap 
sizes first, and size footing last based on soil 
conditions, design loads, and local codes.) 
Wall and fencing materials may be selected 
based on availability, and capacity to match 
the local site and architectural character. 

The span between posts or piers deter- 
mines the size of both wood and metal 
fencing rails and supports. Plant material 
should be selected based on existing soil 
conditions, exposure, hardiness zone, 
mature height and spread, maintenance 
requirements, and seasonal interests. 

Layout: The layout should be coordinated 
with utilities, grading and planting plans. 
Planting and/or grading can accomplish the 
same purpose as a fence or wall, may be 
more economical to construct, and require 
less long-term maintenance. Barriers 
should disturb drainage patterns only after 
careful consideration of run-off conse- 
quences. Ideally, drainage should be 
directed away from barrier footings and 
posts to reduce potential damage to the 
structural elements. 

Details and Refinement of Design: Non- 
structural features such as fence or wall 
caps, post tops, wall veneer patterns, and 
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fence picket shapes should be refined and 
included in the final stage of the design 
process. 

1.3 Design Considerations 

The design of barriers should respond to 
both functional requirements and aesthetic 
qualities of the site and surrounding devel- 
opment. These factors require careful con- 
sideration at the outset of the design 
process. 

Fence and Wall Purposes: 

The relationships between typical fence 
and wall applications, physical design, and 
visual character are described below. 

Privacy: Privacy requires a degree of pro- 
tection against visual and/or physical intru- 
sion. The extent of privacy desired and its 
context will greatly influence the design 
and materials used for privacy barriers. The 
most effective privacy barrier is often a 
high, solid barrier as close as possible to the 
source of intrusion (Figure 450-1). 

Safety and Security: Barriers can discourage 
deliberate trespassing, keep people away 
from such potentially dangerous items as 
mechanical equipment, electric transform- 
ers, or swimming pools, and keep children 
and/or animals in safe areas. 

Transparent or semi-transparent barriers 
are sometimes preferable to completely 
solid barriers because they permit supervi- 
sion from either side by property owners, 
police, or security personnel. Solid barriers 
should be truly impenetrable, to prohibit 
intruders. 

Boundary Definition: Fences and walls are 
commonly used to define boundaries and 
to prevent or discourage trespassing. 



Circulation Control: Barriers can control 
and direct the movement of people, ani- 
mals, or vehicles Low walls can channel or 
direct pedestrian traffic, but walls should be 
designed to discourage unauthorized or 
unsafe shortcuts. It is often desirable to see 
over a wall or fence to know what is ahead 
or what may be approaching. A gate or 
portal can be designed to be intentionally 
uninviting, or designed as a symbolic entry- 
way, inviting people into a space. 

Environmental Modification: Barriers can 
reduce or eliminate heavy winds, noise, 
drifting snow, glare, and strong sunlight. 
Strategically placed windbreaks and shaded 
areas can reduce the energy required for 
heating and cooling (Figure 450-2). Snow 
fences can control drifting and thus miti- 
gate snow removal problems. (Refer to 
Section 260: Climate and Energy, for spe- 
cific information on modification of micro- 
climate, etc.) 

Aesthetics: Fences, screens, or walls can 
often complement their architectural sur- 
roundings by extending the lines of a build- 
ing out into the landscape. They can also 
be used to dramatize selected views, form 
backdrops for specific settings, or add inter- 
est to an otherwise featureless or monoto- 
nous landscape. In most cases, fences or 
walls should be visually attractive on both 
sides. 

Design Criteria: 

Type, size, and material selection will be 
determined by the purpose of the barrier. 
The nature of the barrier will be influenced 
by the following design considerations: 

1. Whether the barrier is an aesthetic 
feature, a practical boundary, or both 

2. Whether the barrier provides a strong 
sense of privacy or security 



Design layout requires accurate site survey showing all property lines, easements, 
contours, significant vegetation, drainage, and buried utilities to insure compliance 
with all codes and regulations. Seasonal wind patterns and off-site noise requiring 
attenuation should be plotted. 

1. Privacy, safety and security, and environmental modifications typically require barri- 
ers to be 1 800-2 100mm (6-7 ft) high, and are often opaque or finely slatted. 

2. Circulation control and boundary definition are often low or semi-transparent barri- 
ers with well defined gates or portals. 

3. Gates should allow some visual penetration if used as a main entrance, often 
marked by a change in plane, lighting, or other design features. 




Figure 450-3. Problem of off-site 
impacts. In this example, a residence is 
fenced in, contrary to desires. 
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Figure 450-4. Providing human scale 
with large walls. Reduction of apparent 
scale of a wall by use of textures, shadow 
lines, and articulation of details. 

3. Whether the barrier is solid or allows 
some degree of visual accessibility 

4. Whether the barrier is in harmony or 
in contrast with other features 

5. Whether areas near the barrier are 
planted 

6. Whether planting is heavy or only for 
accent 

Site Context: 

Design objectives for fences, screens, and 
walls need to be interpreted relative to the 
larger site context. For instance, security for 
a factory or a retail store would normally 
require far more elaborate solutions than 
security for a home. A solution would also 
be different in a city than it would be on a 
large suburban or rural site. 
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Off-Site Impacts: 

Poorly styled or improperly built fences, 
screens, or walls can detract from the 
appearance of adjacent properties, become 
a nuisance for neighbors by blocking views, 
cut off desired local breezes, or create 
unwanted shade (Figure 450-3). Large 
walls can alter stormwater runoff patterns 
on neighboring sites and create annoying 
ponding or saturation problems. All poten- 
tially adverse off-site impacts need to be 
assessed during the design stages, well 
before any construction begins. 

Design Expression: 

Choosing a basic fence, wall type, or plant- 
ing screen is only the first step in develop- 
ing a successful design solution. Design ele- 
ments and details which make up the barri- 
er must also be carefully developed and 
coordinated. 

Compatibility: The design of a fence or 
wall should respond to its landscape con- 
text and adjacent architecture. 
Compatibility can be enhanced by using 
the same or similar materials, colors, tex- 
tures, details, and proportions of nearby 
buildings, streetscape elements, and plant 
materials. 

Scale: Large barriers can be scaled down to 
relate to human scale by the use of textures 
and shadow lines, and by the articulation of 
individual elements, such as posts, panels, 
rails, and caps (Figure 450-4). 

Proportions: The relationship of the height 
to the width of panels, post sizing, etc., 
should be carefully scaled to respond to the 
established design expression of major hor- 
izontal or vertical elements nearby. 
Consider fenestration, doorway propor- 



tions, building heights, walls, or other 
architectural articulations. 

Rhythm: The line created by a barrier 
should be consistent with other lines in the 
landscape. The rhythmic use of such ele- 
ments as posts, slats, or panels can affect 
the perceived size or scale of a barrier 
through the use of textures, shadow lines, 
and articulation of details, especially with 
regard to perception from a moving vehi- 
cle. 

Color: Lighter colors tend to call attention 
to the individual elements of a fence or 
wall, while darker colors appear to unify 
the appearance The number of colors used 
in a barrier should be kept to a minimum. 

Texture: The type of materials used and 
the kind of finish selected will affect the 
texture of the barrier. The distance 
between the barrier and the observer, and 
the speed of the observer (i.e., in a moving 
vehicle) are maior factors to consider. 

Legal and Code Requirements: 

A proposed barrier or screen must comply 
with all relevant legal and building code 
requirements, including: 

Boundaries: Property lines should be pre- 
cisely determined to prevent possible legal 
disputes. If necessary, a boundary survey 
should be performed by a registered sur- 
veyor. Deed restrictions should also be 
reviewed for potential design limitations. 

Easements: Utility and drainage easements 
across a site generally preclude using those 
areas for permanent walls or fences, but 
non-permanent or moveable features are 
usually permitted. 



1. Site Context and off-site impacts are key considerations in determining barrier type, 
size, and material. Adjacent architectural styles, scale, drainage patterns, topography, 
and sight lines are key considerations. 

2. Lighter colors tend to emphasize the barrier structure while darker colors tend to 
recede and blend into the landscape. 

3. Most sites are highly constrained by legal regulations regarding setbacks, dimen- 
sions, and in some cases, materials and colors. 

4. tow initial costs should be balanced against annual maintenance costs and eventual 
replacement. A more permanent screen may require a heavier initial investment. 

5. Maintenance access should guide design layout and materials selection to provide 
> of routine maintenance on both sides of the barrier. 



Fire Lanes and Police Surveillance: Fire and 
police departments require readily identifi- 
able, barrier-free access to certain types of 
sites. For instance, they require easy access 
to mid- or high-rise buildings and to build- 
ings or areas where potentially hazardous 
materials are stored. 

Permits and Codes: Permits are required 
for fences and walls beyond a certain 
height or length in most circumstances. 
Design minimums or other performance 
standards for structural integrity, safety, or 
visual quality may also be included in local 
building codes. For instance, barriers are 
mandatory for site facilities such as swim- 
ming pool areas, which generally must be 
enclosed by a fence or wall of a specified 
height and type. 

Design Controls and Covenants: 

Covenants, local legal, or quasi-legal regu- 
lations may exercise control over the choice 
of materials and colors and even on the 
design expression and placement of fences, 
screens, and walls. 

Feasibility: 

The feasibility of a proposed barrier should 
be studied based upon the following fac- 
tors. 

Availability of Materials, Labor, and 
Equipment: If a particular type of barrier is 
chosen, the necessary materials, labor, and 
equipment needed for construction should 
be readily available at the price estimated. 

Costs: Budget decisions about fences or 
walls should be based upon a careful 
assessment of both short-term and long- 
term costs. The initial construction cost of 
building a fence will fall about halfway 
between the cost of a planted barrier and a 
masonry wall. However, fences cannot per- 
form all of the tasks that walls can, and 
their costs may vary greatly according to 
the type of material used, the amount of 
detailing involved, and the skill of the labor 
needed to build and maintain them. 
Furthermore, the long-term maintenance 
and replacement costs for brick or concrete 
are much less than for wooden fencing or 
screening. 

Maintenance Responsibility: The feasibility 
and ultimate selection of a barrier design 
should reflect the available maintenance 
personnel and budget required to maintain 
the barrier properly over the expected life 
of the structure or planting. 
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Time: Some types of barriers require more 
time to construct than others. This can be 
an especially Important consideration on a 
large project where the construction dead- 
line is short, or where immediate results are 
required. 



2.0 CONSTRUCTION 
AND DETAILS 



Typical components for all types of fences 
and walls, including gates, are presented 
below. A structural engineer or contractor 
familiar with local conditions, code require- 
ments and standard practices should be 
consulted for major structures (such as high 
masonry walls) in difficult soil conditions. 

2.1 Footings and Foundations 

Footing Depth: 

The depth of a footing or foundation is 
based upon the following factors: 

1. Structural stability (against storm 
winds, impact, abuse, etc.) 

2. Weight of barrier 

3. Depth of frostline 

4. Local code requirements 

The depth of the local frostline and local 
code requirements are the primary criterion 
regarding footing or foundation depth, (see 
Section 410: Retaining Walls, for data on 
the average depth of frost penetration for 
the United States). The bottom of footings 
should be a minimum of 50 mm (2 in) 
below the frostline to eliminate upward 
stresses on the structure. Natural stresses 
such as heavy winds, soil creep on steep 
slopes, or expansive soils may dictate even 
deeper footings or foundations. 

Soil Conditions: 

Extremely sandy, heavy clay, expansive or 
very wet soil conditions require special con- 
siderations. In some cases the existing soil 
may require replacement. (Refer to Section 
410: Retaining Walls, for additional data 
from the Unified System of Soil 
Classification and relevant properties of 
each type of soil). 

Drainage: 

Freeze/thaw processes in cold climates can 
cause heaving of posts, footings, and foun- 
dations Periodic or persistent flooding of 
low spots can accelerate heaving as well as 
cause decay of wooden posts and damage 
to footings or foundations. Surface water 
should not be allowed to collect adjacent 
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Figure 450-5. Typical post and footing details. 
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Figure 450-6. Typical post-to -footing connections. 
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1 . Top of footing for walls and masonry piers is typically set at 300 mm (1 ft) below 
finish grade in warm, non-frost areas, and below or at the frostline in cold regions to 
provide a safety factor equal to the footing thickness. At a minimum, bottom of 
footing should be set at least 50 mm (2 in) below local frost line (Check local 
codes) 

2. Clay and fine textured subsoils may require deeper and wider footings to insure sta- 
bility against lateral wind load stresses. 

3. Continuous concrete wall foundations typically require steel reinforcing and masonry 
block walls usually have grouted and reinforced cavities to resist lateral wind loads 
on the exposed wall and piers above. 
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Figure 450-7. Continuous-footing 
construction. 

to, and should be drained away from the 
base of fences, screens, and walls. 

Posts and Footings: 

Wooden fence posts are typically 100 x 
100 mm (4x4 in) with 150 x 150 mm (6 x 
6 in) posts at corners for added stability. 
Various methods are employed to set posts 
in the ground (Figure 450-5). In some cases 
it is better to fasten wood or metal posts to 
concrete footings with standard fastenings 
(Figure 450-6). Decay-resistant wood or 
wood preservatives should be used. 

Masonry walls require continuous foot- 
ings which are generally constructed of 
cast-in-place reinforced concrete. The wall 
is then built upon these footings (Figure 
450-7) Free-standing concrete and 
masonry walls are examples of rigid con- 
struction where any movement of the 
structure cannot be tolerated. 

The exact size of the footing and 
amount of reinforcing will depend on soil 
conditions. Many codes require footings for 
non-loadbearing walls to extend a mini- 
mum of 1 50 mm (6 in) on either side of the 
wall. Generally, the size of the footing will 
not be less than 250 mm (10 in) deep by 
400 mm (16 in) wide with two continuous 
reinforcing bars as required by site condi- 
tions. 

Dry stone walls are an example of flexi- 
ble construction, which can tolerate a cer- 
tain amount of differential settlement with- 
out being significantly affected. Flexible 
walls do not typically require a base or 
footing that extends below the frostline if 
suitable bearing exists, such as undisturbed 
sub-soil or a prepared sub-base. 
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Figure 450-8. Methods for responding to terrain. 



% Posts and piers in clay and fine soils may be subject to seasonal uplift in frost-thaw 
regions. Granular backfill and smooth concrete forms may prevent uplift (Figure 
450-5). 

2 Direct burial posts require treated or decay resistant wood. Posts attached to steel 
flanges and set in concrete piers provide the best long term results with regard to 
stability and routine maintenance or component replacement (Figures 450-5 and 
450-6). 

3 Post depth is typically calculated based upon soil type and wind loads. A minimum 
depth in normal conditions may be determined by adding 10% of fence height to 
600 mm (2 ft). A 1 800 mm (6 ft) fence would require a minimum post depth of 
750 mm (2 ft-6 in) or to frost depth, whichever is greater. 

4. Horizontal post spacing and vertical steps on slopes should be regular for better 
visual effect in undulating landscapes (Figure 450-8). 
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wind over the fence and creates a wider 
calm pocket on the leeward side of the 
fence. (Refer to Section 260: Climate and 
Energy, for more information.) 

The effect of wind loads on fences is a 
function of how deep the post is set into 
the ground, and the properties and condi- 
tions of the existing soil. Normally, a fence 
is embedded in the ground at least one 
third of its height, for wind loads up to 147 
kg/m 2 (30 lb/ft') or one half the height for 
loads over 147 kg/m- 1 (30 lb/ft : ) for posts 
placed 2 400 mm (8 ft) on center. 

Masonry walls will require additional 
vertical reinforcement in areas of potential 
wind damage. The Brick Institute recom- 
mends that for 49 kg/m' (10 lbs/ft 5 ) wind 
pressure, a straight brick wall should not be 
higher than V 4 of the wall thickness 
squared. A 200 mm (8 in) wide wall, for 
example, would be limited to a maximum 1 
200 mm (4 ft) height. Reinforced concrete 
piers with a masonry veneer and wall off- 
sets can also be used to strengthen walls 
and compensate for wind pressure. The 
exact size and spacing should be calculated 
relative to wind pressures, typical of the 
site. 
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Figure 450-9. Various types of fence construction. 



Wind Control: 

A slat fence will only reduce wind velocity, 
whereas a solid fence will give wind protec- 
tion on the side away from the wind for a 
distance equal to the height of the fence. A 



louver fence will reduce the velocity and 
alter the wind direction. A baffle at the top 
of the fence angled 45 degrees into the 
prevailing wind gives the greatest protec- 
tion closest to the fence. A 45-degree baf- 
fle angled away from the wind directs the 



Uneven Terrain: 

Some types of fences and walls can run par- 
allel to a sloping or rolling landscape, while 
others require some method of stepping 
down of panels between posts or piers. It is 
generally easier to step down a fence than a 
wall. Simple fences such as split rail or horse 
fences can easily adapt to the topography of 
the site. The stringers or rails are run parallel 
to the grade and the posts and pickets 
remain vertical. Pier and picket or panel 
fences are less flexible in structure and in 
detail. Careful measunng is required to insure 
that rails remain horizontal when stepping 
down a slope Stepped sections are more for- 
mal and work best with wide fence members 
and bays of equal width. If the grade varies 
greatly, however, the height of the bay width 
and steps between bays will also vary and 
must be planned carefully to achieve a regu- 
lar and orderly appearance (Figure 450-8). 

2,2 Wooden Fences and Screens 

Selecting Wood Materials: 

The type, grade, and species of lumber for 
fencing will affect its cost, appearance, and 
short and long-term maintenance. Some 
wood species can be selected for insect and 
decay resistance, while others require pro- 
tection with chemical preservatives. 
Heartwood typically has greater natural 
resistance to decay and fewer defects, than 
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Figure 450-10. Typical cap details. 





Figure 450-12. Fastening techniques 
for wood fences and screens. 
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Figure 450-11. Typical joining techniques for wood fences and screens. 

Details that trap moisture should not be used in humid climates. 



sapwood. but is usually more expensive. 
Any part of the fence which will be within 
150 mm (6 in) of soil or embedded in con- 
crete should be constructed from heart- 
wood of naturally decay resistant woods 
such as redwood, cedar or cypress, or of 
pressure treated lumber. (Refer to Section 
850: Wood, for a comprehensive explana- 



tion of wood and wood products suitable 
for use outdoors and the regional classifica- 
tion systems used in the United States). 

Structural Framework: 

Horizontal rails attached to posts make a 
basic structural frame for supporting pick- 



ets, plywood panels, or other wooden fenc- 
ing (Figure 450-9). Caps can be added for 
visual appeal and/or to keep water off of 
the tops of posts or other structural ele- 
ments (Figure 450-10). 



Fencing Materials: 

Available standard wood sizes should be 
considered during the design process. 
Some of the more common types of wood 
fencing materials available are listed below, 
however, due to regional variations, some 
types may not be available throughout the 
country. 

Board Siding: Available with plain or 
tongue-and-groove edges. Produces solid 
fences with no gaps between boards. 25 x 
150 mm (1 x 6 in) boards are the most 
commonly used size. 

Plywood-Use exterior grade only in thick- 
ness of 10-75 mm ( 3 /8- 3 /4in) for fencing, 
and available in sheets 1 200 mm (4 ft) 
wide by 2 400-3 600 mm (8, 10, or 12 ft) 

long. 

Precui Pickets and Fencing Lumber and 
Finials: Pre-sized and cut for posts, rails, 
boards, pickets, and siding. Fence boards 
and posts are often available in a variety of 
simple picket and post top styles. Finials are 
used as ornaments for topping posts and 
are usually made of a variety of exterior 
woods, available in many traditional styles 

Palings and Poles: Wood stakes are avail- 
able in 50-300 mm (2-12 in) diameter with 
pointed tops. Pressure-treated poles are 
often used for stockade-style fencing. 

Redwood Grapestakes: Grapestakes are 
primarily used in the western United States 
as fence siding Available in 25 x 50 mm (1 
x 2 in) slats, sometimes with one smooth 
side and usually 900-1 800 mm {3-6 ft) 
long. 

Split Posts and Ralls: Used for post and rail 
fencing and other rustic styles. Sizes vary, 
but are typically no longer than 3 000 mm 
(10 ft). Common sizes available measure 
125 x150 x2 400 mm (5 x 6 in x 8 ft) long. 

Garden Lath: Used for woven latticework 
or inserting into chain-link fencing. 
Commonly available in 5 x 50 mm ( 1 /4x 2 
in) wide laths. 
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Wood Preservatives and Finishes: 

Chemical preservatives are typically used to 
prolong the life of a wooden fence or 
screen, particularly its posts. If pressure- 
treated, the wood fibers should be saturat- 
ed with the preservative, (full cell method). 
Preservatives can also be painted on or 
soaked into the wood especially where the 
wood has been cut or in areas where water 
may become trapped (Refer to Section: 
850-Wood. for further discussion of pro- 
tective treatments, materials, and methods 
of application for wood products). 

Vertical facing members should never 
touch the ground. In some cases, drainage 
holes can be dnlled in the supporting rails 
to prevent them from trapping water. 

Joining and Fastening: 

Figure 450-11 shows several ways to join 
together members of wooden fences or 
screens The technique chosen and the qual- 
ity of the hardware specified will affect the 
visual appeal and the structural integrity of 
the fence. 

Hot-dipped galvanized steel, non-corro- 
sive aluminum alloys, or stainless steel fas- 
tenings can be used to prevent the corro- 
sion or discoloring of materials and finishes. 
Screws and bolts provide the firmest con- 
nections and may be needed to guarantee 
a strong supporting framework. Wood 
screws can be used to join pieces 25 mm (1 
in) thick or less, but lag bolts, which come 
in a range of sizes, should be used to join 
more substantial wooden members. 

Normally, nails should penetrate at least 
half the thickness of the receiving member 
of wood, and shanked nails should be used 
to prevent eventual loosening of the nail 
(Figure 450-12). 

Countersunk bolt and screw fastenings 
are less susceptible to corrosion or vandal- 
ism when hidden by wooden plugs. Cover 
countersunk nails with a non-oily filler if 
the wood is to be stained or left in its nat- 
ural state. Use oil -base putty if the wood 
will be painted. Wood fillers may need tint- 
ing to match the tone of the wood. 

2.3 Metal Fencing 

Metal Picket Fences: 

Posts can be made of 25-100 mm (1-4 in) 
square or round tempered steel or alu- 
minum tubing set in concrete footings 
Pickets are normally made of 20-25 mm 
(3/4-1 in) square or round tempered steel 
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Figure 450-13. Typical metal picket fence construction. 
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Figure 450-14. Closed-picket metal fencing on masonry wall. 
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Figure 450-15. Metal fabric fencing 
with wood post construction. 
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10mm (=*-) GALVANIZED LAG 
BOLT 



GALVANIZED BOLT 
WITH LOCK WASHEE5 




CONNECTION DETAIL 



Figure 450-17 Chain link-to-wood 
frame connection details. 



or aluminum tubing or solid bars. (Figures 
450-13 and 450-14) 

Metal Fabric Fencing: 

Metal fabric fencing is typically stretched 
between posts set in concrete. As with 
other fences, corner posts are normally 
larger and set deeper than inner posts 
Metal picket and metal fabric fences can be 
combined with other types of fences and 
walls. Chain link fabric is usually stretched 
between metal posts of 50-100 mm (2*4 
in) diameter, but it can also be mounted on 
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100 x 100 POSTS, t 500 O.C. 
(4 X 4") POSTS. (5*) O.C. 



50 X 100 WELDED WIRE MESH 
(2X4") 



TWO 25 X 150 RAILS 




Figure 450-18. Types and application of metal fabrics. 



wooden posts (Figures 450-15 through 
450-18). 

Metal fabric fencing was originally used 
for agricultural and security purpose 1 . This 
material is now available in vinyl coated 



1. For best results, all horizontal surfaces should slope to prevent water saturation and 
eventual wood decay or preservative leaching (Figure 450-10) 

2. Use corrosion resistant fasteners for all connections. Stainless steel screws provide 
the highest quality non -staining devices for natural cedar and other decay resistant 
woods. Screws also provide for easier replacement of key components such as rails, 
braces, etc. 

3. Lag screws and exposed bolts should be countersunk and plugged for best resis- 
tance to vandalism and corrosion. 



metal fabrics in a variety of colors and fab- 
ric styles that can be used attractively in 
other applications as well. 

2.4 Brick and Concrete Block Walls 

Freestanding masonry walls can be made of 
brick and/or concrete block (Figure 450-19). 
These non-load bearing structures carry only 
their own weight plus any lateral wind loads. 
Concrete block is normally less expensive 
than brick, and it is available in standard and 
special sizes, finishes and shapes Often, 
hollow concrete blocks are used to add 
thickness or to provide a structure that can 
be faced on one or both sides with brick, tile, 
stucco, or other materials. 

Brickwork Patterns: 

Figure 450-20 shows some of the more 
common bonds used in bricklaying. Because 
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Figure 450-19. Typical brick wall construction. 
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Figure 450-20. Common brickwork patterns. 



the ends of walls are often visible, they are 
usually designed with a running bond pat- 
tern or an end-wall pier or column. 

Joints: 

Expansion and control joints are needed in 
most types of concrete or mortared brick 
walls to minimize or control the possible 
damaging effects of movement due to 
stresses, expansion and contraction, tem- 
perature variation, and the presence of 
moisture. The spacing and placing of 
expansion, control, and construction joints 



should be considered as part of the overall 
surface design treatment of freestanding 
walls. 

Expansion joints are commonly 10 mm 
( 1 /2 in) wide and extend completely 
through the wall. They should occur at reg- 
ular intervals as required by the existing 
conditions, normally no further than 90 
000 mm (30 ft) apart. Expansion joints are 
also recommended at wall offsets, junc- 
tions, changes in materials, and corners. 
(Refer to Section 830; Concrete, for further 
explanation of joint types). The type of 



masonry mortar joint should be selected 
based on the aesthetic appearance and the 
degree of water tightness required. (Refer 
to Section 840: Masonry, for types of joints 
and weatherability). 

Moisture Control: 

The top surfaces of walls should be pitched 
to drain, and caps should be extended 
beyond the wall to shed water away from 
the wall face. Joints on horizontal surfaces 
should be sealed to prevent seepage and 
possible damage to the joint. 
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CAPS MADE FROM MOLDED BRICK SHAPES CAPS MADE FROM OTHER MATERIAL 



Figure 450-21. Typical caps for masonry walls. 
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Brick Cap Units: 

Caps can be made from standard bricks or 
from bricks cut on the site, and they can be 
set in a pattern different from the wall 
bond. There are special brick cap units for 
the wall ends and corners. Prefabricated 
caps are also available. Alternatively, caps 
for masonry walls can be of wood, precast 
concrete, or cut stone (Figure 450-21 ). 

Reinforcement: 

The thickness, height and amount of rein- 
forcing for various walls are interrelated 
Check local building codes for legal restric- 
tions and building specifications for height, 
width, and reinforcement requirements 
before building a wall. 

Brick walls can be reinforced with ladder 
or truss type wire reinforcement or struc- 
tural brick bonds called header courses. 
Wire reinforcement is laid horizontally 
within the mortar bed between every third 
or fourth course to resist lateral displace- 
ment in walls over 600 mm (2 ft) high 
(Figure 450-22). (Refer to Section 840: 
Masonry, for further explanation of wire 
reinforcement types and methods of instal- 
lation). In single and double wythe walls, 
the header course consists of a brick laid 
across the thickness of the wall. In double 
wythe walls it ties the wall faces together. 
Freestanding walls above 1 200 mm high 
(4 ft), should have bar reinforcement run- 
ning vertically, either in the mortar between 
the brick or in the open cells of concrete 
blocks (Figure 450-23). For major struc- 
tures in difficult soil conditions, a structural 
engineer or contractor familiar with local 
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Figure 450-23. Reinforcement for freestanding masonry walls. 



conditions and standard practices should be 
consulted. 

2.5 Stone Walls 

Two basic methods of stone wall construc- 
tion are dry and mortar-laid walls. Dry 
stone walls have no mortar, the stones are 
irregular in shape, and are laid flat. Mortar- 
laid stone walls have continuous footings 
(and therefore are stronger and can be 



higher) and require fewer stones than dry 
walls. 



Walls can be laid up in two 
wythes with rubble fill or bond stones laid 
across the wall, tying the wall faces togeth- 
er (Figure 450-25). A good general rule of 
thumb is to place a minimum of one bond 
stone for every 1 nV (10 ft-) of wall surface. 
Overlap of stonework is critical for dry laid 
and mortared stonewalls. Vertical joints 
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Figure 450-24. typical stone wall footing construction, 
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Figure 450-25. Typical stone wall construction. 
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Figure 450-26 Caps for stone walls. 



should be staggered, always overlapping 
the stone above and the one below. 
Mortared joints are typically recessed and 
are not flush with stone surfaces. 

Walls can be battered to provide 
increased stability and resistance to over- 
turning. The amount of batter depends on 
the size and purpose of the wall, the shape 
of the stones used and whether or not the 
wall is mortared. Very rounded stones 
require more batter. A typical batter for dry 
stone walls is to plan 25-50 mm (1-2 in) of 
batter for each 300 mm (1 ft) of rise, but 
other ratios are often used. When a wall 
appears to be an extension of a building, a 
battered wall is seldom used (Figures 450- 
24, 450-25, and 450-26). 

Stonework Patterns: 

Two basic stonework patterns used in wall 
construction are random rubble and ashlar 
(Figures 450-27 and 450-28). Ashlar typi- 
cally consists of flat surfaces and a limited 
range of sizes. Fully, trimmed ashlar can be 
easily laid, makes formal or Informal cours- 
ing possible and requires less mortar than 
rubble walls. Rubble is irregular in shape 
and is difficult to cut, but is an inexpensive 
material when locally available. Stones 
should be similar in size, or, if in a variety of 
shapes and sizes, should be evenly distrib- 
uted and the largest stones placed near the 
base to give a balanced appearance to the 
wall. 

Mortar Mix: 

(Refer to Section 840: Masonry, for recom- 
mended mortar types and properties). 
Stone must be free of dirt and thoroughly 
wetted before being set. 

2.6 Poured Concrete Walls 

Poured concrete walls require the same 
type of footing as other masonry walls, 
with key joints to lock the footing to the 
wall above. Concrete walls also require 
formwork and vertical and horizontal rein- 
forcing bars to provide stability. A typical 
reinforcing bar pattern for a poured con- 
crete wall is shown in Figure 450-29. For 
walls over 1 800 mm (6 ft) in height, a 
structural engineer should be consulted to 
determine loads and structural specifica- 
tions. Control and expansion joints should 
be used to control locations of cracks, and 
to relieve wall stresses, as described in 2.4 
Joints. 

2.7 Miscellaneous Barrier Materials 

Panels for fences and screens can be con- 
structed of any number of materials, espe- 
cially if the fence or screen is going to serve 
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Figure 450-28. Ashlar stone masonry patterns. Units are precut and dressed 
before delivery to site. 



jo (IB") 
(MOM 



SURFACE TO DRAIN 



N sJ>LOPE 



2Bmm (1") CHAMFER 

ALONG EDGES TO _ 

PREVENT CHIPPING 
AND BREAKING 



KEf. JOINT - 



_cn 

I 

-D 

5 
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Figure 450-31. Typical screen panel 
construction. 



^ either a temporary or special need. Figures 
450-30 and 450-31 show Plexiglas and 
canvas applications, but such materials are 
U subject to abuse or vandalism and may 
C therefore require a higher degree of main- 
ly tenance. The durability of a material is 
_ another factor and may imply a shorter 
O useful life. 

in 



2.8 Gates 

Gate posts are usually larger, [e g , at least 
150 x 150 mm (6x6 in)] and taller than 
the posts used for the remainder of the 
fence and often the same size as the corner 
posts. They should always be installed 
deeper, and often with concrete footings 
(Figure 450-32). 



Sagging is the main structural problem 
with most gates; therefore, the gate should 
be as light as possible and have diagonal 
bracing. A plywood panel is one method to 
create a sag-free gate (Figure 450-33). 
Braces should extend from the bottom of 
the hinge side to the top of the latch side. 
If a wire and turnbuckle is used, the wire is 
strung from the upper hinge side to the 
lower latch side instead. This placement 
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supports the frame and counteracts sag- 
ging 

Bolts and wood screws instead of nails 
should be specified for gate construction. 
Typical gate hardware is shown in Figure 
450-34 

2.9 Connections to Buildings 
or Other Structures 

The point, or juncture, where a barrier joins 
another structure is a detail crucial to good 
appearance and structural integrity (Figures 
450-35, 450-36, and 450-37). If needed, a 
gate is often located at this point to solve 
the problem. 

2.10 Maintenance around the 
Base of Walls and Fences 

A fence or wall on a paved surface has few 
maintenance problems, but if set on mown 
grass, then a mowing or maintenance strip 
along the base of the structure might be 
considered. Alternatively, a low-mainte- 
nance ground cover can be substituted for 
the lawn (Figure 450-38). Curbs, car stops, 
or other such device should be used to pro- 
tect barriers from vehicular damage (Figure 
450-39). 

2.11 Reproducing Historic Styles 

Accurate reproductions of eariier barrier 
styles are sometimes needed in historic 
landscape restoration. In most cases, how- 
ever, exact reproductions are unnecessary. 
Generally, an historic appearance can be 
suggested by careful detailing of the ele- 
ments such as the caps, pilasters, pickets, 
posts, or finials as well as by choosing 
materials that have strong historical conno- 
tations simply because of their past wide- 
spread use (e.g., stone, brick, or iron or 
wooden picket) (Figure 450-40). 



GLOSSARY 



Ashlar: A type of cut stone typically selected 
from stratified rock such as limestone, 
sandstone and shale. Used for building 
solid walls. Ashlar is also a name for 
masonry made of squared stone laid in a 
random or coursed pattern, called coursed 
ashlar. 

Efflorescence: A white powdery substance 
composed of soluble salts carried to the 
wall or paving surface by the movement 
and subsequent evaporation of water. 

Frost Line: The lowest level in soil thai frosts 
or freezes. 

Galvanized: Process of dipping metal objects 
in a hot bath of metallic zinc. This process 
adds a metallic zinc coating which retards 
rust. 



ALLOW 16 min(W 
CLEARANCE FOR 
HINGES AND LATCHE5 



•GATE DESIGN SHOULD MATCH OR 

COMPLEMENT FENCE DESIGN 
•GATE LOCATION CAN BE MARKED 
WITH DIFFERENT P06T TOPS. 



I 2S mm (H THICK BOARDS SECURELY ATTACHED 

TO FRAME 



SET P05T5 150 r 




ZZl SO mm (Z-) MIN. CLEARANCE 



ti (6 - ) BELOW LOCAL FKOSTUNE 
AND AS REQ, BY LOCAL CODES 



• BOTTOM OF FENCE AND GATE SHOULD ALIGN. 
CHECK GRAPE CLEARANCE TO ENSURE THAT GATE 
WILL SWING FREELY. 

- CONCRETE FOOTING: SLOPE TOP AWAY FROM POST 
" TAMPED GRAVEL 

20 . tSOmm (t . 6") FACE BOARD 



HINGE GATE AT FRAME 



Figure 450-32. Typical gate and gatepost construction. 
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Figure 450-33. Common bracing techniques for wood gates. 



1 All brick and concrete block walls require continuous concrete footings and vertical 
reinforcing, extended at least half way up the height of the wall core, especially for 
walls greater than 1 200 mm (4 ft) 

2 Lateral reinforcing may be required in brick and concrete block walls every 3 to 6 
courses in heavy wind load applications. Solid brick walls require Flemish or English 
bond to tie wall faces together. 

3. Wall caps should slope to drain. Concrete wall tops may be pitched and beveled, 
and masonry walls may use specially formed masonry or precast concrete copings 
(Figure 450-21). Flashing and damp proofing may be required in wet climates. 
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Masonry Header: A single brick or course of 
bricks turned to span the width of the 
wall. Headers tie two side by side tiers of 
bricks together. 

Plywood: Panel made by laminating thin 
sheets of wood to a wood fibercore. 

Random Rubble: Stone wall pattern using 
uncut stone laid in uneven or irregular 
courses, 

Rebar: Abbreviation for reinforcing bar, 
sometimes referred to as rods. Round, 
steel bars placed in concrete and unit 
masonry walls for reinforcement purposes. 
Sized in 3 mm (Vu in) increments. (A No A 
rebar is 10 mm ('/.> in) diameter). 

Rubble: Irregular rough stones such as field- 
stone, or broken pieces of brick and con- 
crete, usually with at least one good face 
used for wall construction, 

Wythe: The width of one course of common 
bricks. 



AGENCIES AND ORGANIZATIONS 



American Iron and Steel Institute (AISI), 

Washington, DC 
The Aluminum Association. Washington, DC 
Western Wood Products Association, 

Portland. Oregon 
National Concrete Masonry Association 

(NCMA), Herndon, Virginia 
Building Stone Institute (BSD, New York, 

New York 

Brick Masonry Institute of America, (BIA) 
Reston. Virginia 



Figure 450-34. Common gate hardware. Galvanized metal hardware is often used 
to prevent rusting and consequent staining of wood. 



I 



h 

c 

I 

u 

i 

c 
O 





GATE 









JOINT NOT 
PROPERLY 
HANDLED AT 
CORNER 
UNITS 



OFFSET 
1 DIMENSION 



FENCE 



FENCE 



OFFSET 
DIMENSION 



1 GATE 
FENCE 



GATE LOCATION RELATED TO CONNECTIONS TO BUILDING 



WARPING-LACK 
OF STABILrrV: 
NOT SUBSTANTIAL 
ENDING FOR FENCE 




Figure 450-35. Aesthetic considerations for connections between walls or 
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Figure 450-36. Offset details for 
connections between walls or 
fences and buildings. 
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Figure 450-37. Aesthetic considera- 
tions for building/wall extension. 
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Figure 450-39. Low-maintenance techniques for the bases of walls and 
fences. 
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Figure 450-39. Car stop for protec- 
tion of walls or fences. 
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1 Dry stone walls typically require 
an aggregate base to provide a 
uniform level surface on which 
to lay the stone. Poorly drained 
soil may require lateral perforat- 
ed pipe drainage to prevent 
swell and shrinkage, and/or 
frost heaving in cold climates 
(Figure 450-24). 

2. Dry stone may be placed on a 
concrete or graded aggregate 
footing set below frost to insure 
a uniform wall elevation not 
subject to seasonal fluctuation. 
Walls greater than 900 mm (3 
ft) high, typically require header 
stone courses to tie wall faces 
together in wide or cavity wall 
construction (Figure 540-25). 

3. Mortared stone walls require a 
continuous concrete footing 
extending below frost in cold 
climates. Wall may be tied to 
footing with a key stone set in 
wet concrete Mortared walls 
may have thinner cross sections 
and require less stone per unit 
length than dry-laid walls. 

4. Cap stones must slope to shed 
water Precast or site-cast con- 
crete copings may be used in 
mortared stone walls (Figure 
450-26). 
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Figure 460-1. Typical platform framing. 




Figure 460-2. Typical plank-and-beam framing. 



1.0 INTRODUCTION 



1.1 General 

This section focuses on fundamental princi- 
ples and techniques of wood deck and 
boardwalk design and construction. Each of 
the major structural components of a deck 
and its sizing is described. Construction 
details for various types of connections, 
including steps and handrailings, are given 
at the end of the section. 

1.2 Design Process 

The design of a deck or boardwalk involves 
an orderly decision-making process. Basic 
steps in the process include: 

1 Program requirements: Create a design 
program with regard to proposed deck 
uses and resulting size requirements. 

2 Schematic design: Develop deck or 
boardwalk form, spatial organization, 
and expected circulation patterns. 

3. Rough layout and framing plan: 

Develop a rough layout and preliminary 
framing plan which locates all structural 
elements required, such as footings, 
beams, joists, decking pattern, stairs, 
and rails. Calculations cannot begin until 
a rough framing plan is prepared. 

4. Sizing wood members and refine- 
ment of layout: Calculate weights and 
sizes proceeding from wearing surface 
to pier footings to include decking 
joists, beams, and finally post calcula- 
tions. (Refer to 4.0 Sizing Wood 
Members in this section for an expla- 
nation of sizing calculations.) 

5. Details and auxiliary features: Prepare 
details for all associated features such 
as steps, railings, benches, hot tubs, 
and planters. Such features which bear 
on the deck structure must be includ- 
ed in weight calculations. Methods of 
attachment for these details some- 
times become part of the structural 
framing plan (e.g. structural posts as 
posts for handrailings). 

6 Evaluation: All structural systems 
should be reviewed by local permitting 
agencies and structural consultants 

1.3 Preliminary Design Considerations 

The factors that will fundamentally deter- 
mine the appearance, strength, and relative 
costs of a deck or boardwalk design are: 

1 . Framing method and layout 

2, Construction materials selection 



3. Maintenance considerations 



2.0 PRINCIPLES OF CONSTRUCTION 



2.1 Framing Methods 

Platform framing and plank-and-beam 
framing are the two methods commonly 
employed in deck or boardwalk construc- 
tion. Both of these methods have advan- 
tages and disadvantages, depending on the 
objectives of the designer The choice of 
one method over another is usually based 
on a combination of cost comparisons, aes- 
thetic preference, and regional practice. 
The comparative costs between these two 
framing methods need to be considered on 
a project-by-project basis due to the many 
variables involved. 



Platform Framing: 

Platform framing is a beam-and-joist 
method of construction (Figure 460-1). 
Few beams are necessary because joists 
carry the load over a wide area. Joists typi- 
cally are of a nominal thickness of 50 mm 
(2 in) and essentially function as closely 
spaced beams. The spacing of joists is 
determin ed by (1) the load-carrying ability 
of the joists themselves (a function of their 
cross-sectional dimension and length of 
span) and (2) the maximum allowable 
decking spans, which depend on the cross- 
sectional dimensions of the decking mater- 
ial and on the species of lumber used 
Different species of wood have different 
inherent strengths. 
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NEUTRAL SURFACE 
(LINE OF MAXIMUM SHEA*) 
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Figure 460-3. Line of maximum 

maximum shear will weaken the beam. 



Platform framing results in a deeper 
(thicker) deck profile than plank-and-beam 
framing because of the inclusion of joists. 

Ptank-and-Beam Framing: 

Plank-and-beam framing refers to a beam- 
and-decking method of construction 
(Figure 460-2), No joists are used because 
the beams are spaced close enough togeth- 
er to function like joists. The spacing of 
beams is related to the maximum allowable 
decking spans, the cross-sectional dimen- 
sion of the beams employed, and the max- 
imum allowable beam spans. 

A major advantage of plank-and-beam 
framing over platform framing is its shallow 
profile, which gives it a simple and clean 
appearance. It is commonly employed in 
boardwalk construction. 

2.2 Basic Components 

The following descriptions of the various 
components of wood deck and boardwalk 
construction apply to both methods of 
framing: 

Decking: 

Decking refers to the surface walked upon. 
It is supported directly by either joists or 
beams, depending on the framing method 
The allowable span of the decking material 
determines the maximum spacing of the 
joists— or, in the case of plank-and-beam 
framing, the maximum spacing of the 



Decking is usually laid flat but can also be 
laid on edge. The appearance and finish of 
all as decking is usually more important than 
the appearance of structural members that 
are out of the view of users. For this reason, 
the type of wood used for decking is typical- 
ly of better quality than the type used for the 



fxfensrve i?o/fing along the line of 



underlying support members. The following 
design factors should be considered : 

1 . Decking material should be greater 
than 25 mm (1 in) (nominal thickness) 
unless noticeable deflection is accept- 
able Pre-molded 30 mm (5/4 in) 
planking is often used, but 50 mm (2 
in) (nominal) material is more com- 
mon. 

2. The spacing between decking planks 
should be no more than 3 mm (1/8 in) 
or the equivalent thickness of a 16d 
nail. In some cases the lumber used is 
not completely dry and additional 
shrinkage can be expected causing a 
hazardous gap, therefore, it may be 
necessary to place planks without a 
space to allow for shrinkage. 

3. Decking wider than 150 mm (6 in) is 
not recommended because of its 
propensity to warp. 

4. Decking should be laid with Ihe bark 
side up to avoid cupping of the deck- 
ing material and consequent drainage 
problems. 

Joists: 

Joists are used only In platform framing and 
function to support decking material of rela- 
tively short spans and to distribute imposed 
loads over a wider area. They are typically 
spaced close together [i.e., 400 to 600 mm 
(16 to 24 in) apart] because of the limited 
span of decking members. Exceptionally 
long spans may require a 300 mm (12 in) 
spacing for added strength. Stress patterns 
and types of failure are the same in joists as 
they are in beams. The following design fac- 
tors should be considered: 

1 Dimensioned lumber as classified by 
the National Forest Products Association 
(NFPA) should be specified for joists. 



Joists must be oriented so that the 
cross section's longitudinal axis is verti- 
cal (i.e., narrow dimension up). 

2. Ideally, joists should be supported on 
each end by a beam, a ledger, or metal 
hangers, but nailing directly to a facer 
is sometimes adequate for small decks 
with light loading requirements, 

3. Bridging is sometimes used between 
joists to minimize lateral movement, 
especially if joist spans are long. 

4. When fastening joists or beams, espe- 
cially with bolts, care must be exer- 
cised to prevent weakening of the 
member along the line of maximum 
shear (see Figure 460-3). 



Beams function to support the weight of joists 
and decking, transferring the load to posts or 
directly to a foundation. Their spacing is direct- 
ly related to the allowable span of the mem- 
bers which they are directly supporting, 
whether they are joists or decking. Typically, 
beams are spaced 1 800 to 2 400 mm (6 to 8 
ft) apart in plank-and-beam framing and 2 400 
to 4 800 mm (8 to 16 ft) apart in platform 
framing. Their required crass -sectional dimen- 
sion is directly related to the length of their 
allowable span, given any particular loading 
requirement. 

Common types of beam support systems 
include: 

1 . Simple beam: rests on a support at 
each end. 

2. Cantilevered beam: supported at one 
end only. 

3. Overhanging beam: projects beyond 
one or both supports. 

4. Continuous beam: rests on three or 
more supports. 

5. Fixed beam: fixed at both ends 

Figure 460-3 illustrates stress patterns and 
the line of maximum shear in beams. The fol- 
lowing design factors should be considered: 

1 . Graded lumber should be specified for 
beams and stringers (NFPA) 

2. Beams must be so oriented that the 
cross section's longitudinal axis Is ver- 
tical (i.e. narrow dimension up). 

3. Center- to-center spans rather than 
effective spans (i.e., the spacing 
between supporting members) are 
typically used in sizing calculations for 
an added measure of support. 
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TABLE 460-1. RELATIVE COMPARISON OF VARIOUS QUALITIES OF WOOD USED IN DECK CONSTRUCTION 





Douglas 
Fir- Larch 


Southern 
Pine 


Hemlock 
Fir- 


Soft 
Pinest 


Western 
Red Cedar 


Redwood 


Spruce 


Cypress 


Hardness 


Fair 


Fair 


Poor 


Poor 


Poor 


lair 


Poor 


Fair 


Warp resistance 


Fair 


Fair 


Fair 


Good 


Good 


Good 


Fair 


Fair 


Ease o( working 


Poor 


Fair 


Fair 


Good 


Good 


Fair 


1 .in 


Fair 


Paint-holding 


Poor 


Poor 


Poor 


Good 


Good 


Good 


Fail 


Good 


Stain ac replancef 


Fair 


Fair 


Fair 


Fair 


Good 


Good 


) air 


Fair 


Nail-holding 


Good 


Good 


Poor 


Poor 


Poor 


Fair 


Fair 


F .in 


Hearlwood decay 


Fair 


Fair 


Poor 


Poor 


Good 


Gi >u<i 


Poor 


Good 


resistance 


















Proportion of 


Good 


Poor 


Poor 


Fair 


Good 


Good 


Poor 


Good 


heart wood 


















Bending strength 


Good 


Good 


Fair 


Poor 


Poor 


i aii 


Fair 


Fair 


Stiffness 


Good 


Good 


Good 


Poor 


Poor 


Fail 


1 .in 


Fair 


Strength as a post 


Good 


Good 


1 .in 


Poor 


Fair 


Good 


Fair 


Fair 


Freedom from pilch 


Fair 


Poor 


Good 


Fair 


Good 


Good 


l iL,nil 


Good 



• Includes Wesl Coast and eastern hemlocks, 
t Includes western and northeastern pines. 

♦ Categories refer lo semilransparenl oil base stain 

Source: C. G, Ramsey and H. R. Sleeper, Anhm-tlural Graphic Standards. 9th Ed., lohn R Hoke, cd, Wiley. \ew York. I W 
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4. Steel and concrete beams are less com- 
monly used in deck or boardwalk con- 
struction except under unusual loading 
conditions, in exceptionally long spans, 
or in very large deck systems. 

Posts: 

Posts carry the weight of the entire deck 
structure to the foundation. Posts are com- 
monly used in one way or another to con- 
trol the finished elevation of a deck or 
boardwalk. Posts are not a necessary part 
of the construction if the deck or boardwalk 
is to lie close to the ground. Beams or joists 
can rest directly on foundations. Where 
posts are used, their spacing is directly 
related to the allowable span of the beams 
they are supporting. The following design 
factors should be considered: 

1. Lumber classified as post and timbers 
(NFPA) graded to carry longitudinal 
load should be specified for posts. 

2 Wood posts of approximately square 
cross-section have the least propensi- 
ty to twist or warp. 

3 Wood posts should be sized to resist 
buckling and, under unusually heavy 
loading conditions, to resist crushing. 
Often posts are sized beyond their rec- 
ommended dimension, as calculated 
for the proposed load, in order to add 
"visual strength" and user confidence. 

4. Posts extended up through the deck 
or boardwalk can also serve as a rail- 
ing component 

5. Various types of post-to-pier connec- 
tions are possible. Choices often 



depend on climate. Avoid wicking or 
moisture entrapment by specifying a 
clearance or some sort of barrier 
between the pier and post. 

6. Steel or masonry columns are usually 
not tested for bearing strength except 
under extremely heavy loading condi- 
tions. 

7. Minimize moisture infiltration at the 
exposed top end of wood posts by 
angle cutting, capping, or covering. 

Footings: 

Footings anchor a deck or boardwalk to the 
ground, supporting its weight and its 
expected live loading. In cold and temper- 
ate climates, footings must extend below 
the line of maximum frost penetration to 
prevent movement caused by freeze/thaw 
processes. Small freestanding decks and 
light structures can tolerate marginal soil 
movement and do not necessarily require 
footings below the frost line. If attached to 
stabilized structures, however, decks must 
also be stabilized. (Refer to Section 810: 
Soils and Aggregates, for information on 
the properties of various soils, including the 
bearing capacities of common soil types.) 
The following design factors should be con- 
sidered: 

1 Expansive clay soils, unstable organic 
soils, and deep fills require pier-and- 
beam foundations. 

2. The footing size required depends on 
the weight to be supported and on 
the load-bearing capacity of the soil. 
The weight of most decks and light 
structures rarely exceeds the bearing 



capacity of most soils, especially if the 
footing is twice the cross -sectional 
area of the pier. Avoid using a narrow 
pier without a footing, as spearing 
may result. 

3. Reinforcing is necessary in larger foot- 
ings and piers to prevent failure of the 
concrete, especially in colder climates. 

4 Humid climates require different foot- 
ing types and post connections than 
arid climates because of moisture 
trapping problems. In humid climates, 
avoid the possibility of wicking (i.e.. 
capillary absorption of water), mois- 
ture entrapment, and unnecessary 
contact between wood posts and 
moisture-bearing materials such as 
soil, masonry, or concrete 

5. Protect footings from the possibility of 
soil erosion around the footing 

Bracing and Blocking: 

Bracing and blocking help stabilize the deck 
or boardwalk by limiting lateral movement 
of the structure. The use of bracing should 
be considered on all vertical supportive 
members exceeding 1 500 mm (5 ft) in 
height, and it is especially important at cor- 
ners of the structure. Free-standing struc- 
tures require more support than those sup- 
ported by adjacent structures. Blocking is 
more common in platform framing than it is 
in plank-and-beam framing. The following 
factors should be considered for bracing 
and blocking: 

1 . Methods of fastening are important in 
bracing details. Moisture trapping 
should be avoided and connections 
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should not be weakened by inappro- 
priate or excessive bolting, nailing, etc. 

2. For short lengths of bracing [i.e.. less 
than 2 400 mm (8 ft)], 2 x 4's are 
commonly used, while 2 x 6's are 
common for longer lengths. 

3. Several bracing techniques are com- 
monly used, some stronger than oth- 
ers, but the technique used is largely a 
matter of aesthetic preference. 

Stairs and Railings: 

The need for stairs and/or railings on a 
deck or boardwalk depends on its height 
above ground level. They become increas- 
ingly necessary with greater elevations 
above ground. Stairs essentially function as 
a means of level change. Thus, their pur- 
pose can sometimes be accomplished by 
other means, such as regrading, terraced 
decking, or ramps. Boardwalks can undu- 
late vertically with the ground plane and 
less often require steps, terracing, or rail- 
ings. Low-profile decks and boardwalks 
may not require either steps or railings, but 
elevated decks usually require both. 



Stairs, ramps, railings, and other such 
features contribute significantly to the 
overall appearance of the finished deck or 
boardwalk and therefore require careful 
attention to design detail. The following 
factors should be considered for stairs and 
railings: 

1. Local building codes should be 
checked for safety requirements per- 
taining to tread/riser ratios, railing 
heights, rail spacing, etc. (Refer to 
Section 240: Outdoor Accessibility, 
and the Americans with Disabilities 
Act Accessibility Guidelines (ADAAC) 
for information on handicapped 
access requirements.) 

2. Tread/riser ratios are a function of the 
difference between the top of stair 
elevation and the bottom of stair ele- 
vation or, if unconstrained conditions 
exist, are determined according to a 
particular mood, character, or kines- 
thetic rhythm that the designer wish- 
es to convey. Normally, outdoor stairs 
are less steep than indoor stairs, and 
are generally more pleasant, safer, 
and easier to negotiate. (Refer to 



Section 340: Pedestrian Circulation 
for information on tread/riser ratios.) 

3 Level changes can be accomplished in 
a variety of ways. Investigate alterna- 
tives such as regrading, platforms, 
and ramps. 

4. Construction techniques for stair and 
railing connections vary widely. The 
design is often determined by the 
extent of durability and safety neces- 
sary. Nails sometimes are not strong 
enough for railing-to-deck connec- 
tions. Details that incorporate bolts or 
lag bolts are preferred. 

5. Benches can often serve as safety bar- 
riers on low decks. 

2.3 Maintenance 

Maintenance costs are an important part of 
wood deck and boardwalk design. The 
main problem to overcome is wood decay, 
especially in humid climates. This is largely 
accomplished by minimizing the incidence 
of infiltrating moisture, especially at points 
of connection. Moisture trapping can be 
avoided, or at least minimized, by the prop- 
er use of spacers, flashing, caulking, deck- 
tapes, and appropriate joinery. Plank-and- 
beam framing has an advantage over plat- 
form framing in this regard, for it has fewer 
potential moisture traps and less total area 
of wood surface requiring protection. 

Design details for wood decks and 
boardwalks should be suitable for outdoor 
use. Many details that are typical for indoor 
situations are not suitable for use out-of- 
doors, including tongue-and-groove deck- 
ing, tightly mitered corners, etc. The use of 
such details can result in accelerated deteri- 
oration of the wood structure because of 
their tendency to trap moisture. Some forms 
of framing hardware (joist hangers, angle 
irons, plates, etc.) have the disadvantage of 
trapping moisture unless carefully detailed 

Exposed wood structures should drain 
freely and should be minimally exposed to 
contact with plant materials and moist soils. 

Special preservative treatments and/or 
finishes are an important part of maintaining 
a deck or boardwalk. Most woods require 
some kind of chemical protection, especially 
in humid climates. Termites are also a prob- 
lem in certain regions and may require spe- 
cial flashing and /or chemical treatments 
(Refer to Section 850: Wood, for more infor- 
mation). 



TABLE 460-2. TABLE FOR SELECTION OF DECKING LUMBER 



Weight 



>on wooas 




.Content. 15% 




■e Contc-dl. 8% 


lb/ft* 


kg/m' 


lb/ft' 


kg/m' 


Cedar, Alask.i 


31.6 


506.23 


30.4 


487.01 


Cypress, bald 


32.6 


522.25 


31.4 


503.03 


Fir, Douglas 


30.5 34.3 


488.61-549.49 


29.2-33.1 


467.78-530.26 


Fir, true eastern 


269 


430,94 


26.4 


422.93 


Fir, true western 


26,7-28.3 


427 73 453.37 


25.8 27.2 


41 3 32-435.74 


Hemlock, eastern 


29 


464.58 


28.0 


448.56 


Hemlock, western 


29.6 


474 19 


28.7 


459.77 


Cedar, incense 


25.5 


408.51 


24.2 


387.68 


1 arch, western 


39.4 


613.19 


38.2 


611.96 


Pine, eastern white 


25.4 


406.91 


24.2 


387.68 


Pine, lodgepole 






28.2 


451.76 


(knotty pme) 


292 


467.7B 


Pine, pitch 


34 9 


551.09 


33.8 


541.48 


Pine, pond 


38.7 


619.97 


37.5 


600.75 


Pine, ponderosa 


286 


618.37 


27.5 


440.55 


Pine, red 


31 4 


503.03 


30.4 


487.01 


Pine, southern yellow 


41.6-43.9 


666.43-703.28 


40.3-42.6 


645.61 682.45 


35.7 36.3 


571.91-581.53 


34.6-25.3 


554.29- 565. 5T 


Pine, sugar 


260 


416.52 


24.0 


384.48 


Pine, western white 


28 


448 56 


27.1 


434.14 


Cedar. Port Orl'ord 


30.1 


482.20 


28.9 


462.98 


Cedar, red eastern 


33.5 


536.67 


32.2 


515.84 


Cedar, red western 


2.34 


347.87 


22.4 


358.85 


Redwood 


28.6 


458 17 


27.4 


438.94 


Spruce, easturn 


29.4 28.4 


470.99-459.97 


28.7-27.2 


459.77-435.74 


Spruce, Engelmann 


24 1 


386.08 


23.2 


371.66 


Spruce, Sitka 


28.1 


450.16 


27.1 


434.14 


Tamarack 


37.6 


602.35 


36.3 


480.53 



Source: Adapted from U.S. Forest Products Laboratory. Wood engineering Handbook. Prentice-Hall, 
EnglewOOd Cliffs. New lersey. 
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Figure 460-4. typical post anchors. 




Figure 460-5. Typical framing anchors. 
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Figure 460-7. Typical post cap and 
tie plate. 





Figure 460-8. 
and brackets. 



Typical metal straps 



Figure 460-6. Typical joist hangers 
and girder hangers. 



3.0 MATERIALS 



3.1 Selection of Materials: 

The selection of materials (i.e. lumber and 
hardware) and their finishing will have an 
important affect on the final deck or board- 
walk. For example, the appearance of the 
wood is affected by the choice of preserva- 
tive or finish. Some woods (e.g., cedar and 
redwood) turn an attractive gray color if 
left unprotected over time. A sealant can be 
used to halt the weathering process at any 
desired point in the color change Staining 
lumber will yield various aesthetic charac- 
teristics depending on the species and 
grade of lumber. Corrosion of metals is typ- 
ically avoided, but the effects of corrosion 
can be used to aesthetic advantage 

3.2 Wood 

Tables 460-1 and 460-2 provide compara- 
tive information on various species of wood 
commonly used for deck construction. 
Information on decay resistance and the 
grading of lumber follows (Refer to Section 
850: Wood, for a comprehensive explana- 
tion of wood and wood products suitable 
for use out-of-doors.) 



Decay Resistance: 

Decay resistance is a very important con- 
sideration in wood deck and boardwalk 
design. Not all woods are suitable for use 
out-of-doors. Some species (e.g., California 
redwood) are naturally resistant to decay, 
but no species of wood, regardless of its 
inherent natural resistance, will last indefi- 
nitely without preventative maintenance. 
Because the effects of climate vary from 
region to region, the type of treatment nec- 
essary will also vary (Refer to Section 850: 
Wood, for a comprehensive discussion of 
wood preservatives). 

Lumber Grades: 

Careful attention to quality and the selec- 
tion of grade designations are important for 
many reasons in wood deck construction 
Costs, appearances, and relative resistance 
to decay vary between species and grades, 
and in some cases between heartwood and 
sapwood within the same species. 
Heartwood typically has greater natural 
resistance to decay than sapwood but is 
usually more expensive. Appearance is 
largely a subjective matter, but sapwood 
may be weak as a result of too many knots 
Knots also accept stains and paints poorly. 

3.3 Hardware 

Various types of metal hardware are typi- 
cally used in deck and boardwalk construc- 
tion, primarily as a means of fastening 
wood members together. Representative 
examples of each are described below. 

Anchors, Hangers, and Plates: 

Various types of anchors, hangers, and 
plates are used to facilitate easy and strong 
connections between structural members 
(Figures 460-4 through 460-8). 

Nails: 

Figure 460-9 illustrates those types of nails 
commonly used in wood deck and board- 
walk construction. (Refer to Section 860: 
Metals, for a comprehensive description of 
several other types of nails.) The following 
factors should be considered for nails: 

1 . The dimensions, shape, and surface of 
a nail affect its holding power. 
Normally, a nail 2-1/2 times as long as 
the thickness of the board should be 
used. Hot-dipped galvanized, zinc- 
coated, cement-coated, ring, and spi- 
ral nails also resist withdrawal. 

2. Nails with heads (e.g., common) 
should be used for structural framing. 
Finish nails are only used in nonstruc- 
tural situations where appearance is 
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important. Driving the nail at a slight 
angle will improve its holding power. 

3. Nails may tend to pull out under 
heavy loading conditions. Bolts or lag 
bolts should be used in such instances. 

4. Aluminum, stainless-steel, and hot- 
dipped galvanized nails resist rusting 
and consequent staining of wood 

5. Nails are available in zinc, brass, 
monel, copper, aluminum, iron, steel, 
stainless steel, copper bearing steel, 
and muntz metal. Coatings include 
tin, copper, cement, brass-plated, 
zinc, nickel, chrome, cadmium, etched 
acid, and parkerized. 

Wood Screws: 

Figure 460-10 illustrates those types of 
screws that are commonly used In wood 
deck and boardwalk construction (Refer to 
Section 860: Metals, for a comprehensive 
description of several other types of 
screws.) The following factors should be 
considered for wood screws: 

1 . A screw should be long enough to 
embed more than one-half of its 
length into the base 

2. Clearance and pilot holes facilitate the 
installation of screws and will prevent 
splitting of the wood member. 

3 Flathead screws may be flush or 
countersunk. Washers under the head 
are recommended for roundheaded 
screws, especially with softer woods. 
These can also be countersunk. 

Bolts: 

Figure 460-11 illustrates those types of 
bolts that are commonly used in wood deck 
and boardwalk construction. (Refer to 
Section 860: Metals, for a comprehensive 
description of several other types of bolts.) 
The following factors should be considered 
for bolts: 

1 . Bolts should be long enough to permit 
a washer under both the head and the 
nut and allow at least 5 mm (3/16 in) 
to protrude beyond the nut Carriage 
bolts are used with metal plates with 
a square hole to prevent the bolt from 
turning while being tightened. 

2. A hole 1 mm (Vis") greater than the 
diameter of the bolt should be drilled 
for a snug fit. Washers at both ends of 
bolts are recommended. 

3. Lag bolts require a washer under the 
head. The threaded end of a lag bolt 
should never be exposed Pilot holes 



facilitate the installation of the lag 
bolt and will prevent splitting of the 
wood member. 

3.4 Masonry 

Although this section focuses on the use of 
wood as a material, it should be noted that 
in many instances other materials offer 
advantages. For instance, concrete and 
masonry materials (such as brick and stone) 
can be used to build the support system or 
be used for other components of a deck or 
boardwalk. Some of these non-wood 
materials are much stronger and more 
durable than wood in certain climates, and 
can offer many aesthetic advantages. 

3.5 Other Materials 
Plant Materials: 

Plant materials can be used with low decks 
and boardwalks to define edges and to 
help prevent users from accidentally walk- 
ing or falling off the structure. Plant mate- 
rials can also provide screening and wind- 
breaks. 

Metals: 

In addition to hardware, metal products 
such as tubing can be used for railings, foot 
rests, arbors, overhead canopies, and 
planters. Members such as I-beams and 
metal columns can be substituted for 
wooden beams and posts, respectively 

Plastics: 

The wide variety of plastics available make 
this material ideal for many situations. Used 
for railings, arbors, overhead canopies, 
tubs, and planters, plastics offer durability, 
light weight, and a wide variety of colors. 

Fabrics: 

Fabrics are ideal for such structures as 
screens, overhead canopies, and miscella- 
neous decorative elements. The many col- 
ors available, especially in the lightweight 
synthetic fabrics, are advantageous for use 
as overhead canopies, or roofs of gazebos. 
Fabrics can also be used as screens on rail- 
ings tor added privacy 



4.0 SIZING WOOD MEMBERS 



4.1 Using Span Tables 

For the purpose of preliminary design and 
laying out a rough framing plan, span 
tables are provided for quick reference 
Most span tables for wood deck and 
boardwalk sizing are calculated for lumber 
grades of No. 2 or better. Table 460-3 clas- 
sifies various species of wood according to 
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BOX 



SPIRAL 



J0I5T 
HANGER 



COMMON 



Figure 460-9. Nails commonly used 
in wood deck construction. 



FLATHEAD 



OVALHEAD ROUNDHEAD 



Figure 460-10. Wood screws common- 
ly used in wood deck construction. 
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W" TO 1- DIAMETER 



Figure 460-1 1 . Bolts commonly used 
in wood deck construction. 
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their inherent strength characteristics and 
should be used in conjunction with the 
span tables. It is recommended that local 
code enforcing agencies and a structural 
engineer be consulted when finalizing any 
deck or boardwalk design. 



Load: 



Type of Deck 



kg/nv 



(lb/ft-') 



Residential decks 
Public decks 
Fool bridges 
Light vehicular bridge 



195-290 
390-490 
490 



(40-60) 

(80-100) 

(100) 



980-1 470 (200-300) 



The average dead load allowance (weight ol decking plm 
fasteners, etc. per m 2 (ft 3 ) is 49 kg/m 2 (10 lb/ll>) 



Figure 460-12 shows the interrelation- 
ships between decking spans, joist spans, 
and beam spans. Tables 460-4 through 
460-8 provide a quick means for determin- 
ing maximum allowable spans for decking, 
joists, and beams based on their cross-sec- 
tional dimensions, the species of lumber 
used, and in the case of joists and beams, 
their spacing. Table 460-9 shows post sizes 
and corresponding maximum allowable 
heights based on the cross-sectional 
dimensions and the species of lumber used. 

4.2 Sizing Example 

Figure 460-13 shows the general layout of 
a simple 4 800 x 7 200 mm (16 x 24 ft) plat- 
form-framed residential deck attached to a 



JOIST SPACING DIRECTLY 

RELATED TO MAXIMUM 
ALLOWABLE SPAN OF DECKING 



I 



BEAM 

SPACING 

DIRECTLY 

RELATED TO 

MAXIMUM 

ALLOWABLE 

SPAN OF 

JOISTS 



POST SPACING DIRECTLY 

RELATEP TO MAXIMUM 
ALLOWABLE SPAN OF BEAM5 



o 

\Q Figure 460-12. Decking, joist, and 
q>f beam span relationships. 



house sill along one edge. The joists are sup- 
ported by a ledger connected to the house sill 
and a continuous beam which in turn is sup- 
ported by three 1 200 mm (4 ft) long piers. 
Although the effective span is the distance 
from the face of beam to the face of the sill 
ledger, a margin of safety is achieved by 
using the centerline span value in calcula- 
tions. Basic wood deck and boardwalk mem- 
ber sizing involves the following steps: 

1 Preliminary Framing Plan: Develop a 
preliminary framing plan to locate the 
position of bearing beams, associated 
posts and piers, joists, and decking 
systems with the aim of creating a 
simple, uncluttered structural design. 



TABLE 460-3. STRENGTH GROUPINGS 
OF COMMON SOFTWOOD SPECIES 



Strength Croup 



High 



Moderate 



2 Estimate the Design Loads: Estimate 
the loads to be carried by each struc- 
tural element of the deck and the 
accumulated loads bearing down on 
each post or pier. Local codes require 
minimum load allowances for live 
loads (people, snow drifts, etc) and 
dead loads (decking and hardware 
weight), which vary from region to 
region. (Refer to 4.3 Estimating 
Design Loads for calculations). 

3. Calculate Lumber Dimensions: Using 
the appropriate span tables, determine 
the dimensions required for each struc- 
tural element, in this case, the joists, 
beams, and posts. The design loads 
exerted by each tributary load area (t) 
are transferred to their respective 
posts. Figure 460-13 illustrates the 
general framing plan of the proposed 
deck, and the dashed lines outline the 
center (ti) and corner (b) load areas. 
The total tributary load area exerted on 



Low 



Douglas fir 
Hemlock, western 
Larch, western 
Pine: 

Loblollyt 

I i in^l.-.il r 

Pilch 
Slash 
Short lea I 
Virgin! i 
S;>mi r 

Canadian coastal 

Coast Sitka 
Cedar, western red 
Cypress 

Douglas fir [soulhi 
fir; 

Subalpine 

While 

I ll'llll<H k 

eastern 
Western 
Pine; 
Eastern white 
Lodgeptile 
Pondernsa 
Red 
Sugar 

Western while 
Redwood, California 
Spruce; 

Eastern 

Engelmann 

Sitka 
T iima rack 

Cedar, northern white 



• No. 1 of better. 

t Also known as southern pine 

Source: Adapted from U.S. Department of Agrnul 
lure Construction Guides for Exposed Wood Dei Is. 
U.S.D-A, Handbook Nu 412. 1972. 
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BEAM- 



C0KNER TRIBUTARY 
LOAD AREA tj 
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lOAPAREAt, 
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LEDGER - 



S 000 OCT) 



Figure 460-13. Example problem: General layout of platform-framed resi- 
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TABLE 460-4. MAXIMUM DECKING SPANS (JOIST SPACING) 



Species 


Nominal 
Decking Size 


Recommended 
Span 


Douglas-Fir, 
Southern Pine, 


RED' 


16 


Hem-Fir, SPF, 
SPF (south). 


2x4' 


24' 


Ponderosa Pine, 

Redwood, 
Western Cedar 


2 K 6 h 


24" 



"RED is radius edge decking, 4" to 6" widths. 
"Grade is No. 2 or better 
'Southern Pine RED can span 24" , 

Sour<e Adapted irom McDonald f Lai, Wood Decks: Materials, Construction, and 
Finishing, Forest Products Laboratory, Madison, Wl. 1996 

TABLE 460-5. MAXIMUM JOIST SPANS (BEAM SPACING) 



Species 


Joist 


Joist Spacing (Inches on Center) 




Siwt 


40 lb/ft 3 Live Load* 


60 Ib/ff Live Load' 






12" 


16" 


2a" 


12" 


16" 


24" 




2 , t> 


■ i.r 




no- 


<ro- 




6'8" 


Douglas-Fir. 




: rs" 




107" 


i i "11 " 


10'6" 


8'7" 


Southern Pine 






If,"--," 


127" 


1'-, 11" 


1 I'D" 


107" 




2 x 12 


, i'0" 


1 7 1 1 - 


|47« 


I ? 5 " 


IS"" 


. , ... 




2x6 


•j'.?" 


8'4" 


7'3" 


B'O' 


?'3- 


iV S ' 


Hem-Fir. SPF. 


2 x 8 


■ j ; ■■ 


til' 11 - 


9'f, " 


107.)" 


9'6" 


;-: o 


SPF (south) 


/ x ••(: 


I5'4" 


i.rii" 


117" 


135" 


ir'O" 


91 0" 




2 x 13 


; 3' s " 


16'6" 


13'6" 


I S I " 


I4'D" 


lii ' ' 




2 x 6 


8'10" 


8'0" 


7'U" 




7'0 ' 


5'ir 


Ponderosa Pine, 


: , :■ 


i re* 


: 7 ' 


8' 10" 


: o : " 


97* 


7'6" 


Redwood, 






IJ 1 ' 


10' 1 " 


1 2' 1 1 " 


i 1 '2" 




Western Cedar 




15'4 " 











•Includes 10 lb/ft 2 dead load 

tjoists are on edge, and Grade is No. 2 or better. 

Source: Adapted from McDonald et.al. Wood Decks: Materials. Construction, and 
Finishing, Forest Products Laboratory, Madison. Wl, 1996. 



A. t=a/2 + b/2 


J 








i 













- JOIST 

- BEAM 



B. t=a/2 + d 



a/2 



C. t=a/2 + b/2 t 



| OVER HAN Gj 




D. t=a/2 + A 




each post can be calculated using the 
formulae in Figure 460-14, which 
show five different structural cases, 
labeled A, B, C, and D. 

4. Refine structural design: Refine the 
structural design to reflect the calcula- 
tions and complete the final design. 

4.3 Post Sizing 

Post height is measured from the top of 
footing to the bottom of the beam to 
which it is attached. Post size is a function 
of wood species, height, cross sectional 
area, and total weight carried, called the 
tributary area load. Figure 460-13 illus- 
trates the tributary load areas for the center 
post (ti) and corner posts (b). The center 
tributary area is greatest and therefore 
exerts the largest post load. The sizing of 
the post carrying the most load is typically 
used to determine the post size for all other 
deck posts. The post spacing distance is 
multiplied by the beam spacing distance to 
determine the center tributary area in a 
symmetrically loaded deck. However, the 
example deck in Figure 460-13 shows a 
cantilever or overhang condition, which 
requires a different method of calculation. 
This deck is best represented by case "D" 
in Figure 460-14, which requires the beam 
spacing to be divided by two and added to 
the overhang value. The resultant value "t" 
is then multiplied by the post spacing to 
determine the center post tributary area: 

From Figure 460-13: 

Beam spacing (a) = 3 600 mm 
Overhang (d) = 1 200 mm 
Post spacing <B) = 3 000 mm 

t = a/2 + d 
t = 3 600/2 + 1 200 
t = 1 800 4- 1 200 
t = 3000 

Tributary load area = t x B 

Tributary load area = 3 000 x 3 000 
area equals = 9 000 000 mm 2 or 9 m 2 

Tables 460-9 indicates that a 4x4 post 
will support a 195 kg/m J (40 lb/ft J ) live 
load to a maximum 2 400 mm (8 ft) height 
and a 293 kg/m-' (60 lb/ft") live load to a 
maximum 1 800 mm (6 ft) height using a 
Southern pine species for a tributary load 
area of 9 m J (100 ft 2 ). Greater post heights 
require a thicker cross section or a shorter 
post height (Note: use the next lowest area 
value in the table to determine the maxi- 
mum post height if calculated tributary load 
area falls between table area values. 



Figure 460-14 Five structural cases 
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TABLE 460-6. MAXIMUM BEAM SPANS (POST SPACING) FOR DOUGLAS-FIR AND SOUTHERN PINE 



Beam Sizet 












Tributar 


y Load Width, ft 














A' 


5 


6' 


7 


8' 


, 


10' 


W 


12' 


13' 


14' 


15' 


16' 


40 lb/ft 2 Live Load Deck Design* 


(2) 2 x 6 




6 






















(2) 2 x 8 


9 










6' 
















(2) 2x10 


; r 


10' 


9' 


8' 


8' 


7 


7' 


6' 


6' 


6' 


(V 






(3) 2 x 8 


12* 


11' 


10' 


9' 


8' 


8' 


/' 


7' 


7' 


6' 


6' 


6' 




(2) 2 x 12 




12' 


10' 


r 0' 


9' 












6' 


6' 


6' 


(3) 2 x 10 


15' 


13' 


12' 


IT 


10' 


10' 


9' 


9' 


8 


8' 


8' 


r 


7' 


(3) 2 x 12 


Hi. 


15' 


14' 


13' 


12' 


I i 


it 


10' 


10' 


9' 


9' 


8' 


8' 


4 x 6 


7 


7' 


6 






















4x8 


10' 


9' 


8' 


7' 


7 


6" 


6' 


6' 












6x8 


12' 


10' 


9' 


9' 


8' 


8' 


7 


7 


6' 


e 


6' 


6' 




4x10 


12' 


ir 


10' 


9' 


8' 


8' 


I 


7 


7' 


6 


6' 


6' 


6' 


4x12 


14' 


■1 j' 


11' 


10 


10' 


9' 


'J 


8' 


8' 


7 


7' 


7 


7' 


6x10 


15' 


13' 


12' 


11' 


10' 


10' 


9' 


9' 


8' 


8' 


7' 


7 


7' 


6x12 


!6 


16' 


15' 


13' 


12' 


12' 


11' 


10 


10' 


10' 


9' 


9' 


8' 




60 lb/ft* Live Load Deck Design* 








(2) 2 x 6 


6 


























(2) 2 x 8 


7 


7' 


6' 






















(2) 2 x 10 


9' 


8' 


7 


7 


6' 


















(3) 7 * Si 


10' 


9' 


8' 


7 


7' 


r> 


6 














(2) 2x12 


If 


10' 


9' 


S 


7 


r 


6' 


6' 


(V 










(3) 2x10 


12' 


i r 


H.i' 


9' 


9' 


8' 


8' 


7 


7' 


6' 


6' 


6' 


6' 


(3) 2 x 12 


14' 


1 V 


12' 


11' 


10' 


9' 


9' 


8 


8' 


8' 


7 


7 


6' 


4x6 


6' 


























4x8 






















6x8 


10' 


9' 


8' 


7 


7' 


6' 


6' 














4 x 10 




9' 




7 


7' 


6' 


6' 


6' 












4X12 




10' 




') 


8' 


8' 


7 


7' 


6' 










6x10 


w 


11' 


10' 


9' 


9' 


8' 


8' 


7 


7' 


n 


e 


& 


6' 


h x I 1 




13' 


12' 


11' 


10 


10' 


9' 


9 


8' 


8' 


8' 


7 


7' 



in 

§ 

CO 
"D 

c 

nJ 

LA 

u 

CD 

Ct 

■o 

o 

I 

O 



•Includes 10 lb/ft J dead load 
tNumber in parentheses is number of full-length nailed laminations. 
Source: Adapted from McDonald et.al, Wood Decks: Materials, Construction, and 
Finishing, Forest Products Laboratory, Madison, Wl, 1996. 
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TABLE 460-7. MAXIMUM BEAM SPANS {POST SPACING) FOR HEM-FIR, SPF, AND SPF (SOUTH) 



Beam Sizet 


Tributary Load Width, ft 


4' 


5' 


6' 


7 


8' 9' 10' | 11' j 12' 


13' | 14' | 15' | 16' 


40 Ib/ff Live Load Deck Design* 


(2) 2x6 


6' 


6' 
























(2) 2 x 8 


8' 


7 


6 


6' 




















(2) 2 x 10 


10' 


9 


8' 


T 


/' 


6' 


6' 














(3) 2 x 8 


TT 


10' 


9 


8' 


7 


7' 


6' 


6' 


6' 










(2) 2 x 12 


IV 


10' 


'J' 


8' 


8' 


7 


7' 


6' 


6' 


6' 








(3) 2 x 10 


13' 


12 


ir 


10' 


9' 


8' 


8' 


8' 


7' 


7' 


(V 


6 




(3) 2 x 12 


15' 


14' 


12' 


11' 


ir 


10' 


9' 


9' 


8' 


8' 


8' 


/ 


7 


4x6 


7 


6 


























9' 


8' 




6' 


6' 


6' 
















6x8 


9' 


K 


8' 


7' 


7 


6' 


6' 


(V 












4x10 


1 1 ' 


10' 




8' 


7 


7 


6' 


ry 


6' 












TT 


10 


9' 


9' 






7 




e 


6' 


6 




6 x 10 12' 


ir 


10 


9' 


8' 


& 


/' 


7 


7 


6 


6 


6 


6' 


6 x 12 15' 


13' 


12' 


1 1' 


10' 


10' 


9' 


9' 


8' 


& 


7 


7 


7' 


60 \bfft 2 Live Load Deck Design " 






(2) 2 x 6 


5' 


























(2) 2 x 8 


7 


6' 
























(2) 2 x Id 


8' 


7' 


7 


6' 




















(3) 2 x 8 


9' 


8' 


7' 


7' 


>■: 


















(2) 2x12 


10' 


9' 


8' 


7' 


6' 


6 
















(3) 2x10 


11' 


10' 


9' 


8' 


8' 


7 


6' 


6' 












(3) 2 x 12 


13' 


11' 


10' 


9' 


9' 


8 


8' 


7' 


6 


6' 


6 






4x6 


!>' 


























4 x 8 


7 


6' 
























6 x 8 


8' 


7' 


7' 


6' 




















4 x 10 


9' 


8' 


7 


7' 


6' 


















4 x 12 


10' 


9' 


8' 


8' 


7 


7 


6 


6' 












6 x 10 


10' 


9' 


8' 


8' 


7 


7 


6' 


6' 


6 










6 x 12 


12' 


11' 


I0 


9' 


9' 


8' 


8 


7' 


6' 


6' 


& 


6' 


6' 



•Includes 10 Ib/fP dead load 

tNumber in parentheses is number of full-length nailed laminations. 

Source: Adapted from McDonald et.al., Wood Decks: Materials, Construction, and Finishing, 
Forest Products Laboratory, Madison, Wl 1996 
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TABLE 460-8. MAXIMUM BEAM SPANS (POST SPACING) FOR PONDEROSA PINE, REDWOOD, AND WESTERN CEDAR 



Beam Sizet 












Tributar 


y Load Width, ft 












4' 








8' 


r 


10' 


ir 


12' 


13' 


14' 


15' 


16' 


40 Ib/ff Live Load Deck Design* 


(2) 2 x 6 


6 


























(2) 2 x 8 


8' 


7' 


6' 


6 




















(2) 2x10 


9 


8' 


8' 


7' 


6" 


6' 


6' 














(3) 2 x 8 


10' 


9' 


8' 


8' 


7' 


7' 


6' 


6' 












(2) 2x12 


11' 


10' 


9' 


8' 


7' 


7' 


7 


6' 


6 










(3) 2 x 10 


13' 


11' 


10' 


9' 


8' 


8' 


7 


7' 


7 










(3) 2 x 12 


IV 


s r 


12' 


11' 


10' 


9' 


9 


8' 


8' 




7 


7 


7 


4x6 


7 


6 
























J >: 8 


9 


8' 


p; 


7' 


6' 


6' 


6 














6 x 8 


9' 


8' 


8' 


7' 


7' 


6' 


6" 


fV 












4x10 


10' 


9' 


8' 


8 


7 


7' 


6' 


6' 


6' 










4x12 


12' 


i r 


10 


9' 


8' 


8' 


7' 


7 


e 


6 


S 


6 




6x10 


12' 


ir 


10 


9' 


8 


8' 


7' 


7 


7 


S 1 


& 


6 




6x12 


15' 


13' 


12' 


11' 


10' 


9' 


9' 


8' 


8' 


8' 


7 


7 


7 


60 lb/ft- Live Load Deck Design* 


(2) 2 x 8 


6' 


6' 
























(2) 2 x 10 


8' 


7 


6' 


6" 




















(3) 2 x 8 


9' 


8' 


7* 


6' 


6 


















(2) 2 x 12 


9' 


8' 


7 


7' 


6 


6' 
















(3) 2x10 


11' 


9 


8' 


8' 




7" 


6' 














C3) 2x12 




I 1 1 


1 






















4x8 


7 


6' 


6' 






















6x8 


8' 


7' 


6 


6' 




















4 x 10 


9' 


8' 


7 


6' 




















4x12 


10' 


9' 


8 


7' 


7' 


6' 
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•Includes 10 lb/ft 2 dead load 

tNumber in parentheses is number of full-length nailed laminations. 

Adapted from McDonald et.al., Wood Decks: Materials, Construction, and Finishing, 

Forest Products Laboratory, Madison, Wl 1996. 
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TABLE 460-9. MAXIMUM POST HEIGHTS 
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•Includes 10 \b/tt ; dead load 

Source: Adapted from McDonald et.al , Wood Decks- Materials. Construction, and finishing. 
Forest Products Laboratory, Madison. Wl 1996 
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Figure 460-15. Joist cantilever principal. 



4.4 Beam Sizing 

Figure 460-13 illustrates the beam span to 
be dimension "B" [3 000 mm (10 ft)], or 
the distance between supporting posts. The 
tributary load width for deck beams is cal- 
culated by using Case "D" in Figure 460- 
14 as before, yielding t = 3 000 mm. 

Tables 460-6 through 460-8 [195 and 
293 kg/m-' (40 and 60 lb/ft 2 ) design loads] 
show that a beam with a 3 000 mm (10 ft) 
tributary load, and a 3 000 mm (10 ft) post 
spacing, will require a 150 x 300 mm {6 x 
12 in) Douglas fir or Southern pine beam 
for a 195 kg/m ; (40 lb/ft J ) load. However, 
a 293 kg/m- (60 lb/ft-) live load will require 
closer post spacing to safely carry the trib- 
utary load. If the posts are spaced 2 400 
mm (8 ft) apart, then a Douglas-fir, or 
Southern pine beam measuring 150 x 250 
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V0 Figure 460-16. Built-up beam 
^ assemblies. 



Figure 460-17. Built-up posts and columns. 
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mm {6 x 10 in) would safely carry the trib- 
utary load. It should be noted that solid 
wood beams are rated for greater spans 
than are composite beams fashioned from 
double or triple 50 mm x (2 x) stock. 

4.5 Joist Sizing 

Figure 460-13 illustrates a total deck width 
of 4 800 mm (16 ft) using joists which can- 
tilever over the main beam for a distance of 
1 200 mm (4 ft). Figure 460-15 illustrates 
the principle that the cantilever of a simple 
joist should not exceed 1/4 of the total joist 
length. The central joist span from sill to 
beam is 3 600 mm (12 ft). The joist spacing 
("D" in Figure 460-13) is limited by the 
decking material maximum span. This deck 
uses 25 mm (1 in) radius edged cedar deck- 
ing which has a maximum span of 400 mm 
(16 in). However, it should be noted that 
Southern pine radius edged decking may 
span 600 mm (24 in). 



Table 460-5 provides joist span data for 
various wood species, joist sizes and spac- 
ing values (D). A 195 kg/m J (40 lb/ ft 3 ) 
load would require 50 x 200 mm (2 x 8 in) 
Douglas fir/Southern pine joists spaced 400 
mm (16 in) on center to effectively span 
3 600 mm (12 ft). However, if required to 
support a 293 kg/m ; (60 lb/ ft 2 ) live load 
using 400 mm (16 in) on center spacing, 
then the joists would need to be at least 50 
x 250 mm (2x10 in) to achieve at least a 
3 600 mm (12 ft) span. 

4.6 Decking Sizing 

Table 460-4 shows maximum decking spans 
as modified by species and decking size. 



5.0 CONSTRUCTION DETAILS 



In addition to the various details shown 
earlier in this section, Figures 460-16 
through 460-33 of this section illustrate 



several other details and principles com- 
monly used in wood deck and boardwalk 
construction. 



Wood decks and boardwalks must be constructed to withstand the combined weight 
of both structural materials and the intended users, and must be detailed to with- 
stand the decaying effects of the exterior environment. 

1. Design weights range from 195-290 kg/m-' (40-60 Ib/ftO for residential decks, to 
980-1 465 kg/ m-i (200-300 lb/ft 2 ) for light vehicular bridges 

2. Graded lumber must possess the structural properties required for designated spans 
and loading (Refer to Tables 460-4 through 460-9), and must be suitable for exte- 
rior exposure. 

3. Span tables or span formulas should be used conservatively to account for unfore- 
seen events or loading circumstances. Avoid working at the outer limits of each 
structural calculation. 

4. Local building codes should be studied prior to design to insure compliance within 
the typical permitting process. 

5. Both pressure treated and untreated decks should slope at least 2%, and rails, 
caps, and other horizontal surfaces should be milled to drain to protect structural 
integrity, 

6. It is recommended that beams bear directly onto posts or notched sills, rather than 
be attached to post faces with lag screws or bolts to guard against splitting. 

7 Plated or stainless steel fasteners are required for all exterior connections. 

8. Wood should be sealed with appropriate penetrating coatings to prevent wood 
grain from exposure to the elements. 

9 Ledgers and sills should be properly (lashed and spaced to allow for air circulation 
to avoid moisture penetration. 

10. Posts should be attached to concrete pier footings using coated metal fasteners 
designed to allow air circulation around the post bottom. 

11. Grading around footings should prevent erosion in sloping conditions from washing 
soil cover away from piers, especially in frost/thaw regions, or clay regions. 
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Figure 460-18. Footings and piers. 





Figure 460-19. Decking details. 
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Figure 460-21. Bracing details. 
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Figure 460-22. Bridging details. 
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Figure 460-35. Typical railing assemblies. 
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Figure 460-29. Beam to pier cort- 



BRICK MASONRY 
CLEARANCE 
FLASH INC 




EXPANSION — 
BOLT 

LEDGER 



RETAINED BACKFILL 




JOIST ATTACHED 
TO HEADER WITH 
J0I5T HANGER 

ANCHOR BOLTS 
SET INTO 
CONCRETE WALL 



Figure 460-28. Post to pier 
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Figure 460-30 . Anchorage to fixed structures. 
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Figure 460-31. Low profile decks 
on grade. 
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spacing. 



Time-Saver Standards for Landscape Architecture 



460-21 



GLOSSARY 



AGENCIES AND ORGANIZATIONS 



Bending moment (M): The stress result 
ing from the forces acting on the beam and 
the reaction of the supports. The bending 
moment at any section in the beam is the 
sum of the moments on either side of the 
section. Expressed in inch-pounds (in-lb). 

Deflection (D): The tendency of a mem- 
ber to deform when placed under a load; 
present in all structures regardless of the 
material or magnitude of the load. 
Common acceptable limits of deflection 
range from 1 /200th to 1 /360th the effec- 
tive span of the member in question. 
Expressed in inches (in). 

Extreme fiber stress in bending (fb): A 

measure of inherent strength in a species 
and grade of lumber, Expressed in pounds 
per square inch (psi). 

Loading (P): Dead load is the weight of 
the materials in the structure, including per- 
manently attached fixtures and equipment. 
Live load is the weight of the people using 
the structure, the moveable furniture and 
equipment, snow, water, ice, and wind. 
Expressed in pounds per square loot (psf). 

Modulus of elasticity (E): A measure of 
how much a material deforms in relation to 
the load applied. 

Moment: The tendency of a force to 
cause rotation about an axis. Moment is 
the product of a force and a distance. 

Moment arm: The perpendicular dis- 
tance from the line of action of a force to 
the point being acted on 

Moment of inertia (I): An abstract mea- 
sure described as the sum of all the prod- 
ucts of all infinitely small areas times the 
square of their distance from the neutral 
surface of the beam. 

Section modulus (S): The ratio of the 
moment of inertia to the distance of the 
most remote fiber in the beam Expressed 
in cubic inches (in3). 

Span versus effective span <L): Span 
refers to center-to-center measurement 
Effective span refers to the distance mea- 
sured between supports. 
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1.0 INTRODUCTION 



Pedestrian bridges are structures built 
in the landscape to allow movement 
across areas that would otherwise be 
difficult or dangerous to traverse. Bridges 
become a necessary means for connecting 
two points in the presence of such obsta- 
cles as water, steep topography, or major 
roadways. Though bridges can enhance the 
scenic character of a site, they must be seri- 
ously considered in the context of cost and 
liability 

In almost ail cases, the design of bridges 
requires the assistance of structural and/or 
civil engineers. All dimensions included in 
this section are for guidance only and for 
indicating the scale of parts. 



2.0 DESIGN CONSIDERATIONS 



2.1 Defining the User 

Design determinants for bridges are based 
on both user and site characteristics. Types 
of users may include: 

t. People as individuals or in small or 
large groups (the latter related to 
spectators or tourists, etc.). 

2. People using wheelchairs, bicycles, or 
other non motorized vehicles. 

3. People on horseback and using a 
range of motorized vehicles (motor 
bikes, motorcycles, power mowers, 
and in some instances single cars or 
lightweight trucks, cattle, etc.). 

Any of the above types of users may use 
a bridge in accordance to or contrary to the 
designer's intention. In general, pedestrian 
bridges must conform to the standards of 
universal accessibility and in the United 
States must meet the Americans with 
Disabilities Act Accessibility Guidelines 
(ADAAG). Refer to Section 240: Outdoor 
Accessibility for more information. 

2.2 Spatial Standards 

Spatial standards for bridges to serve bicy- 
clists, pedestrians, and those who are hand- 
icapped are given in Table 470-1. Bridges 
to serve riders on horseback should be at 
least 1 200 mm (4 ft) wide for single pas- 
sage crossing. 

If a bridge is to be built, then considera- 
tion must be given to what may pass 
underneath. Statutory considerations 
involving clearances and safety measures 
apply to roads, rails, and water courses 
used by canoeists, people fishing or sailing 
boats, or commercial traffic. Where streams 



are involved in cold climatic zones, ice floes 
can create serious problems if not account- 
ed for in the design. 

2.3 User Safety 

General: 

The principal hazard to users of bridges is 
falling from the bridge or its approach 
paths. Depending upon the expected users 
and types of dangers, provisions could 
range from no handrails over shallow 
streams to shoulder-high rails with infills of 
mesh over deep gorges. 

Considerations for handicapped users 
should include appropriate design of the 
approaches to the bridge. Landings and 
platforms, rest areas, handrailings. and 
walking surfaces are all elements that 
should be checked for compliance with 
national and local codes. (Refer to Section 
240: Outdoor Accessibility, for more infor- 
mation.) 

Landings. Rest Areas, and Handrailtngs: 

Level landings or platforms should be pro- 
vided at the top and bottom of ramp runs. 
Where pedestrian ramp grades exceed the 
maximum 1:12 or 8.33 percent, intermedi- 
ate landings should occur no more than 
9 000 mm (30 ft) apart. The landing should 
have a clear width at least equal to the 
width of the largest ramp leading to it. The 
minimum landing depth should be 1 500 
mm (5 ft). 

Places to sit or rest are particularly benefi- 
cial on very long bridges. They can also func- 
tion as vantage points for scenic views. 



Handrailings that are easily grasped 
should extend continuously along the 
entire length of the bridge, on both sides, 
including approach ramps. 

Decking and Surface Treatments: 

The choice of decking and surface treat- 
ments for bridges is very important. Nonslip 
surfaces are crucial. Wood decking is 
acceptable if the joints are less than 12 mm 
(Vi in) wide Slip- resistant metal checker- 
plates, walkway gratings, or traction strips 
are often used. 



3.0 BRIDGE CONSTRUCTION 



3.1 Site Selection and Survey 
Selection Criteria: 

Site factors to consider when deciding on 
the precise location for a bridge include the 
following: 

1. Which area requires the shortest 
span? 

2. Which area has the best foundation 
conditions? (In most cases a geolog- 
ical engineer should be consulted) 

3. Which area is closest to the line of 
the existing footpath? 

4. Which area has the fewest obstacles 
in the way of the bridge and/or its 
approaches? 

5. Which area allows the most clear- 
ance from flooding? 



KEY POINTS: Design Considerations 



Design determinants tor bridges are based on both user and site characteristics. The 
potential users of pedestrian bridges must be understood in determining spatial 
dimensions and design loading for an appropriate bridge type (Table 470-2). 
Understanding site conditions will help create a bridge that takes advantage of land- 
scape amenities while avoiding negative environmental impacts or safety hazards. 

1. In general, pedestrian bridges must conform to the standards of universal accessibili- 
ty and in the United States meet the Americans with Disabilities Act Accessibility 
Guidelines (ADAAG). 

2. Considerations for handicapped users, including landings and platforms, rest areas, 
handrailings, and walking surfaces should be checked for compliance with national 
and local codes. (Refer to Section 240: Outdoor Accessibility, for more information.) 

3. Where pedestrian ramp grades exceed the maximum 1:12 or 8.33 percent. Interme- 
diate landings should occur no more than 9 000 mm (30 ft) apart. The minimum 
landing depth should be 1 500 mm (5 ft). 

4. The choice of decking and surface treatments for bridges is very important. Slip- 
resistant metal checkerplates, walkway gratings, or traction strips are often used for 
safety. 
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6. Which area is easiest to reach with 
equipment, labor, and materials? 

7. Which area has the fewest hazards? 
(e.g. precipices, steep paths, or 
exposure to strong winds) 

8. Which location would users prefer 
and enjoy the most? For instance, 
are there pools beneath for looking 
at fish, white-water rapids in sight, 
or exceptional views from each side 
of the bridge and approaches? 

Site Survey: 

Once the location for a bridge is deter- 
mined, the site must be surveyed to obtain 
necessary information for the bridge 
design, its foundations, and approaches. A 
plan of the area with spot elevations and 
lateral and longitudinal cross sections are 
essential for laying out the design. 

3.2 Selection of Footbridge Type 

£ras/c Components: 

Figure 470-1 illustrates the basic compo- 
nents of simple footbridges. 

Selection Chart: 

There are many factors that require consid- 
eration when selecting a bridge type Table 
470-2 illustrates 16 structural forms and 
describes the materials, foundation condi- 
tions, and spans for which they are suitable. 

Additional Considerations: 

In addition to the design considerations 
given in Table 470-2, the following points 
should be kept in mind when selecting a 
bridge type. 

Clearance: The clearance required will 
determine the construction depth available 
between the deck and the underside of the 
bridge. The bridge can be raised by using 
approach ramps but usually at increased 
costs. Table 470-3 lists some typical 
requirements for clearance and the result- 
ing lengths of ramps based upon 8 and 10 
percent gradients. 

Accessibility: The difficulty of transporting 
the main structural members to the site 
may eliminate certain types of bridges 
which require long, heavy members. The 
difficulty of getting earthmoving equip- 
ment to both sides of the site may limit the 
amount of foundation and approach path 
work which can be done and thus influence 
the type of bridge. 





SIMPLY _ 
SUPPORTED SPAN 




Figure 470-1. Basic Components of a Bridge. (D Handrail, (2) superstructure, (3) 
approach path, (4) main beam, (5) bridge bearing, (6) abutment, (7) end dam, (8) sub- 
structure, (9) bearing strata, (10) end sear, (TV pier, (12) approach ramp. 



Vandalism: In areas of risk from vandalism, 
certain types of bridges that have parts 
which can be easily detached or broken 
should be avoided. 

Resources Available: Bridges in rural or 
remote areas may have to be constructed 
with low-skilled labor and locally available 
materials. 

Planning, Design, and Engineering 
Knowledge: Local codes or ordinances usu- 
ally require the use of a registered engineer 
for detailed bridge design. In the absence 
of such professional assistance, it may be 
necessary to restrict the choice of bridge 
types to familiar designs with minor spans 
of 9 000 mm (30 ft) or less. 

Fitting the Bridge to a Site: A bridge is 
essentially a continuation of a path. 
Therefore, it should tie in well with the 
overall design of the landscape. When a 
bridge has to be set higher than the origi- 
nal ground level on either side, then access 
ramps will be necessary. Table 470-3 shows 
typical lengths of ramps for pedestrian 
bridges. 



Because people tend to slow down, 
linger, and sometimes congregate at a foot- 
bridge, approach paths should be widened 
to facilitate easy pedestrian flow. 

3.3 Selection of Main Structural 
Members 

When a bridge type has been selected, the 
size and form of the main structural mem- 
bers may be determined for one of the fol- 
lowing three categories: 

1 . Typical bridge designs: for spans 
under 9 000 mm (30 ft) where no site 
difficulties exist, a typical footbridge 
may be built (Refer to 4.0 Typical 
Designs for Short-Span Footbridges in 
this section for information on mem- 
ber selection.) 

2. Prefabricated bridge designs: special- 
ist suppliers offer a range of standard 
bridge types, either in kit form or 
completed and ready to place in posi- 
tion. Commonly available bridge 
types in the United States include: 

a. Laminated timber beams 
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Table 470-1. SPATIAL STANDARDS FOR BRIDGES FOR USE BY BICYCLISTS, PEDESTRIANS, AND HANDICAPPED 
INDIVIDUALS 



Bicycle 



two 



5 

in 

■8 

CL 

o 



Ceometnc element 


Maximum or minimum 


Desirable 


Maximum or minimum 


Desirable 


Clear width 


One-lane 
Two-lanes 

More Hl.m twfs l;inpt" 

Clearance 


1 050 mm mm. (3.5 ft) 

2 100 mm mln. (7.0 ft) 


1 200 mm or more (4.0 ft) 

2 400 mm or more (8.0 ft) 


900 mm minimum (3.0 ft) 

1 "JfiTl mm minimum fA 1\ <i\ 

i i laj mm minimum [Q-IJ Xt) 


1 200 mm or more (4.0 ft) 

1 650 mm or more (5 5 ft 
(to pass two wheelchairs) 


Vertical 

UPnh<ln irtnrl hr-inhl 

U> tUU j li UI.LLU r IL Ifjr 11 

Lateral clearance 
to obstructions 

Grades 


£ 490 mrn rrun (8.3 ft) 
300 mm min (1 ft) 


2 850 mm (9.5 ft) 
600 mm (2.0 ft) 




Same as pedestrian 
Same as pedestrian 


Same as pedestrian 
Same as pedestrian 




10% for maximum for 
distances of 1 500 mm 
(50 ft) or less 


5% for maximum 
distances of 

90 000 mm (300 ft) or less 


8 33%maximum length 
run is 9 000 mm (30 tt) 


5% or less 


Cross slope 










Design speed (bicycles) 


2% minimum on curves 


Calculated from 
superelevation formulas 


2% maximum 


1% or less 


Radius of curvature (bicycles) 


16 09 km/h minimum 
(10 mph) 


24.14 km/h (15 mph) 
32.19 km/h on long 
down grades (20 mph) 


Not applicable 


Not applicable 


Sight distance 


4 500 mm minimum 
(15 ft) 


Calculate from appropriate 
formulas (see Table 470-3) 


Not applicable 


Not applicable 



Varies with grade and speed. 
Calculate from appropriate 
formulas (see Table 470-4). 



Provide significant sight 
distance at curves and turns 
to avoid collision 



Provide significant sight 
distance at curves and turns 
to avoid collision 



•Where volumes of all types of usei groups .ire heavy, widths should he cakulated by using level of serwe concepts 
Source: Deleuw. Cither «. Company. Inc , Boston. Massachusetts 



b. Hardwood beams and made-up 
girders 

c. Steel lattice girders 

d. Aluminum lattice girders 

e. Precast concrete beams 

(Refer to 5.0 Typical Designs for 
Prefabricated Bridges in this section for 
more information.) 

3. Special designs: custom-made bridge 
structures may be designed by expe- 
rienced engineers, especially for 
spans exceeding 9 000 mm (30 ft). 

NOTE: The conceptual design of substruc- 
tures (foundations, etc.) should be done in 
parallel with the design of the bridge deck 
and approaches. Decisions related to span 
arrangement affect: (1) the number, load- 



ing, and size of foundations; (2) the zones 
of soil providing support; and (3) the rela- 
tive difficulties of constructing different 
types of foundations. 

Design loads on a particular foundation 
might be adjusted by a change in the 
length of spans or the form of deck con- 
struction, 

3.4 Loadings on the Bridge's 
Superstructure 

Types of Loading; 

Various loads which a bridge's superstruc- 
ture must support include (Figure 470-2): 

1 . Dead toad: the weight of the bridge 
materials themselves 



2. Live load: 

a. The weight of people, together 
with any dynamic effect from their 
movement 

b. Wind pressure on the bridge struc- 
ture, or suction or pressure on the 
bridge deck 

c. Accumulation of snow and ice 

d. Water pressure via flooding acting 
on the bridge structure or transmit- 
ted to the bridge structure from 
floating debris and ice 

Design Loading: 

The design loading should be determined 
based on anticipated use (pedestrians and 
small vehicles, emergency vehicles, etc.). 
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When estimating loadings, consideration 
must be given to exceptional conditions 
which may cause extreme stresses on the 
structure. For example, if a bridge spans a 
stream on which boat races may occur, 
spectator crowding on the bridge (first on 
the upstream side, and then shifting to the 
downstream side) could cause twisting and 
extreme load conditions. If the bridge is on 
a ceremonial route, where large numbers of 
people walk in step, concentrated rhythmic 
impacts could cause excessive vibration and 
consequent failure. Extreme conditions 
may result when the bridge is opened or 
dedicated and is subjected to heavy crowd 
loadings. 

User Loads for Narrow Footbridges: 

Most narrow footbridges will rarely be 
wider than 900-1 500 mm (3-5 ft) and will 
rarely be subjected to large crowds or other 
extraordinary loads Narrow bridges which 
provide access to popular tourist attractions 
like gorges or waterfalls should be designed 
to handle the weight of larger groups of 
people. Table 470-4 shows loadings for 
narrow bridges based upon likely uses. 

Pedestrian Loading: 

1 . Main beams and girders: a uniformly 
distributed live load (UDLL) over the 
whole span is equivalent to that 
shown for normal and crowd loading 
(Figure 470-3). 

2. Deck members: where the deck is 
made of small individual units, such 
as deck boards, the entire weight 
concentrated on one foot should be 
assumed: e g., total weight 112 kg 
(246 lbs) on a 75 mm (3 in) square, 
including an impact factor of 1 250, 
or a line of people each weighing 90 
kg (200 lbs) at 600 mm (2 ft) centers 



along the member with an impact 
factor of 1.000 (Figure 470-3) 

Horse and Rider Loading: 

1 . Main beams and girders: horses and 
riders in single file at spacings of 17j 
horse lengths with an impact factor 
of 1 .300. 

2. Deck members: where the deck is of 
small individual units, such as deck 
boards, the full weight of a trotting 
animal resting on one hoof should be 
assumed. For a horse, this load will 
be on a 175 mm (7 in) square with an 
impact factor of 1.250. 

Deflections: 

The deflection of the individual structural 
members and the main beams and girders 
under full loading should be limited to 
'/24oth of the span. Where possible, struc- 
tures should be built with a precamber al 
least equal to the dead load deflection 
(Figure 470-4). The aesthetic appearance 
of a footbridge is improved by making this 
precamber substantial. Use 10 mm/m (Vs 
in/ft) of total span to 35 mm/m (7ii in/ft). 
The top end of this range results in a deck 
gradient of about 1:15, which is reasonable 
for pedestrian traffic. 

Dynamic Deflection: Long-span foot- 
bridges [over 19 500 mm (65 ft)] should be 
checked for their response to dynamic 
loading and to excitation by wind. The 
design should avoid the use of structures 
whose primary natural frequency coincides 
with the pace frequency of pedestrians 
(i.e., approximately 2.0 cycles per second). 
The calculation of the vibration frequency 
of a structure is complex and requires con- 
sultation with an experienced engineer. 



In almost all cases, the design and construction of bridges requires the assistance of 
structural and/or civil engineers and must meet the requirements of universal 
accessibility. 

1 For spans under 9 000 mm (30 ft) where no site difficulties exist, a typical foot- 
bridge may be built. Custom-made bridge structures may be designed by experi- 
enced engineers, especially tor spans <-xceedmg 9 000 mm (30 ft). 

2. The conceptual design of substructures (foundations, abutments, piers etc.) should 
be done in parallel with the design of the bridge deck and approaches. Decisions 
related to span arrangement affect: (1) the number, loading, and size of founda- 
tions: (2) the zones of soil providing support; and (3) the relative difficulties of con- 
struction of different types of foundations. 

3. The design loading should be determined based on anticipated use. Table 470-4 
shows loads for narrow footbridges. 




ICE S DEBRIS 



Figure 470-2. Types of bridge loading. 
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ftlxa PERSON WEIGHING 112 KG (Z60 l&) 
<^^, IMPACT FACTOR OF 1.250 



(27") 



flhn PERSON WEIGHING 190 KG (200 LB.) 
nLZ IMPACT FACTOR Of 1.000 

Figure 470-3. Pedestrian loading. 
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Table 470-2. BRIDGE SELECTION CHART 





eoit* (CC) 


daMlfkfttlon (MQ 


(LC) 




1 


Lowest cost 


Every five years 


Over 30 /ears 


S-5taridard design may be used 


2 


Low costs 


Paint/preservative every 
three years 


20-30 years 


C-Desiign by structural engineer 


3 


Medium costs 


Repair decking and 
handrailing every two years 


10-20 years 


VCan be erected by voluntary unskilled labor with skilled 
supervisor 


4 


High costs 


Repairs required every year 


5-1 years 


F Can be erected by voluntary unskilled labor with skilled 
supervisor using prefabricated parts made by a subcontractor 


5 


Highest costs 


Regular attention 
throughout year 


Up to five years 


P-Must be erected by a contractor 



Notes: The classification is based upon typical comparative costs, assuming built by a contractor, site with easy access, and simple foundations. 

It is assumed all footbridges are well built using sound materials. 

Annual inspection and good regular maintenance is required for all structures 

In all cases the construction of the footbridge should be carried out in accordance with the construction plans and specifications. 









Timber: 












— Thrs is the simplest footbridge for short 
spans Where there are poor foundation 
conditions, some settlement at abutments 


[ I 


















■ - ' 














can be tolerated. 

—Beams can be shaped and cambered 
Transport problems due to length 








Log beams 


Up to 10 


2 


4 


5 


SV 










Sawn beams 


Up to 10 


2 


3 


4 


sv 










Laminated timber beams 


8 to 25 


5 


3 


3 


CF 










Steel teams. 












—Steel requires good paint specifications. 








Timber deck 


5 to 15 


3 


3 


3 


SF 










Concrete deck 


5 to 15 


4 


2 


.> 


CP 










Concrete.- 












—Can be shaped for aesthetic effect 
Centering required 








In situ reinforced slab 


Up to 10 


5 


l 


l 


CP 


—Heavy sections for transport and 
erection Factory made 








Precast reinforced or 
pretensioned beams 


Up to 20 


5 


1 


1 


CP 






NUOUS BE Ail 


I OR S 


































— Economical with regard to main structuralmembers, 
requires sound foundations because settlement can 
















I I I I I I I 














overctress the super-structure The span range is given 




















for the center span Side spans can be up to approxi- 
mately two- thirds of the center span. 








Laminated timber beams 

Stee/ beams 
Timber deck 


8 to 25 
8to 19 


5 
3 


3 
3 


3 
3 


CP 
CF 


—fleams can be shaped and cambered Transport of 
long lengths difficult. Site splices required. 

—Steel beams can be transported in short lengths 
and spliced at site. 








Concrete deck 


8 to 19 


4 


2 


2 


CP 


—Steel beams can be transported in short lengths 
and spliced at site. 








Concrete, 1 




















In situ reinforced slab or 
beam 


6 to 20 


5 


1 


1 


CP 


—Can be shaped, centering required 








In situ or precast sections 
pretensioned 


10 to 25 


5 


1 


1 


CP 


—Heavy sections for transport and erection. 
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Table 470 2. BRIDGE SELECTION CHART (continued) 




Steel beams. 

Timber deck 8 to 19 

Concrete deck 8 to 19 

Conaete: 

In situ beam and slab 6 to 20 

Precast beam and slab 10 to 25 




Steel beams and rod or 
wire rope tension 
member; timber or 
precast concrete deck 



10 to 20 



LATTICE i 



(through-type of 




3 CF 



CP 



— Has the same advantages as a continuous spanbut 
can tolerate some settlement of the supports; may 
cause uplift problems at the abutments, espcially 
with short side spans The span lengths are given for 
the pier to pier distances The length of the suspend- 
ed span should be approximately 6 of this. Side 
spans can be up to the length of the suspended 
span 

—Beams can be shaped and cambered Transport of 
long lengths difficult. Site splices required. 



—Steel beams can be transported in short 
lengths and spliced at site 

—Steel beams can be transported in short 
lengths and spliced at site 



5 1 1 CP —Can be shaped, centering required 

5 1 1 CP —Heavy sections for transport and erection 



—Requires ample clearance below the 
tension member to prevent damage By 
forming a truss, it allows use of a slender 
main member. 

3 1 CP —Requires skilled fabrication of struts and 
anchorage points. 



—Allows minimum construction depth below deck 
level. The structural girder members act as handrail- 
ing. Top flanges of the girders should be braced with 
raking supports or overhead frames. Horizontal brac- 
ing for wind may be required. The small structural 
members are more susceptible to accidental damage 
than beam-type footbridges Girders can be trans- 
ported to the site in smallsections and assembled 



Timber: sawn sections 


5to15 


5 


4 


3 


CF/P 


—Skill required in fabrication and erection 


Steel: 














Angles 


10 to 25 


1 


3 


2 


CF/P 


— *F" for smaller spans, 


Rectangular hollow 
sections 


10 to 25 


1 


3 


2 


CF/P 




Tubes 


10 to 25 


1 


3 


2 


CF/P 




Aluminum (standard design 
by British Aluminum Co.. Ltd.) 


8 75 to 30 


5 


3 


1 


CP 


— These require good paint specifications 




Timber, sawn sections 15 to 30 5 4 3 CP 

Steel (all sections, Including 15 to 30 2 3 2 CP 

RHS and tubes 



—An economical solution for longer spans where the 
top cords can be braced together above head height 
of the user Horizontal wind bracing may be required 
Girders can be transported to the site in small sec- 
tions 




Laminated timber 
Steel 

Concrete: In situ and 
precast 



15 to 30 
15 to 30 
15 to 30 



3 2 CP 
3 1 CP 
1 1 CP 



— Requires good foundation conditions with little set- 
tlement Preformed arch members can be transported 
to site in half-span lengths. Best suited for longer 
spans where appearance is important Complex erec- 
tion procedure. 

—Arch ribs can be transported in half-spa lengths. 

—Arch ribs can be transported in short sections. 

— Requires in situ centering. Precast units are long, 
heavy, and difficult to transport. 
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Table 470-2. BRIDGE SELECTION CHART (continued) 



Bridge diagram Material Span range CC MC LC D€C Notes 



— The span range shown refers to the main span 
only. This type is good (or long spans over water or 
deep ravines where intermediate piers art not possi- 
ble. Sometimes used for shorter spans for aesthetic 
reasons. Wind bracing is sometimes required and the 
width of the walkway may be determined by struc- 
tural stability considerations. Cable anchorage points 
should be firm and safe from accidents or vandalism. 
The design and erection is complex and requires a 
trained structural engineer and expert construction 
supervision. 

Cables — High risk of corrosion at cable and suspender 

anchorage points, which requires good construction 
detailing and regular inspection 

Galvanized high-tensile 
steel wire ropes 

Suspenders 

Galvanized high- tensile 
wire ropes or steel rods 

Deck structure and towers 

Timber sawn structure 15 to 35 2 4 3 CT7P — "F" for shorter spans. 

Steel: timber deck 20 to 60 3 3 2 CP —Lattice girders can also act as handrails. 
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Footbridges found to be susceptible to 
vibration can be dampened in a variety of 
ways, including the use of rubber bearings, 
or of side guys for suspension bridges. 
(Refer to Section 460: Wood Decks and 
Boardwalks for more information.) 

3.5 Substructures (Foundations) 

Substructures are the parts of the bridge 
which transmit loads from the bridge span 
to the ground. Substructures include abut- 
ments, end seats, and piers. 

Loading on Substructures: 

Table 470-5 lists various design loadings for 
bridge substructures. 

Foundations and Soil Bearing Capacity: 

The applied load from the substructure 
must be resisted by the ground to prevent 
failure and excessive settlement (Table 470- 
6). In almost all cases, engineering advice is 
required when estimating soil bearing 
capacity. 

Soft clay and materials of low bearing 
capacity and high water content are likely 
to compress under load and result in rapid 
short-term or slower long-term settlement. 
Within limits, such settlement may not be 
serious for a footbridge of a short to medi- 
um span. For longer continuous beam 
bridges, such settlement could cause high 
stresses within the bridge beams. 

The bearing capacity of poor soils, such 
as peat and soft clay, can be improved by 



spreading the imposed load. High-tensile 
plastic fiber sheets which allow the passage 
of moisture but not of soil material are now 
commonly used. (Refer to Section 880: 
Ceotextiles, for more information on those 
materials.) 

The overall stability of the foundation 
should be considered. For example, abut- 
ments sited on steeply sloping ground may 
fail when an entire section of the bank 
begins slipping (Figure 470-5). 

The management of water in excava- 
tions is difficult and carries considerable 
risk. Many materials, especially sand, 
become unstable when subjected to pore- 
water flow, which is the direct result of 
pumping water from a hole. These opera- 
tions should only be undertaken by experi- 
enced contractors under the direction of an 
experienced geotechnical engineer. 

Choice of Foundation (Footings or Piles): 

Engineering advice is important for all but 
the simplest of structures when selecting an 
appropriate foundation design. Spread 
footings are usually preferable to piles 
because they are less expensive and gener- 
ally pose less risk in terms of encountering 
unforeseen and expensive technical and 
contractual problems during construction. 

Table 470-7 lists some of the ground 
conditions and construction considerations 
for which footings or piles have been found 
to be advantageous. For sites with strata of 
variable bearing qualities, designers may 




CAMBER 



Figure 470-4. Camber. Where possible, 
structures should be built with a precamber 
at least equal to the dead load deflection. 



BRIDGE LOAD 




Figure 470-5 Ground Failure at Bridge 
Foundation. Abutments sited on steeply 
sloping ground may tail when an entire 
section ol the bank slips. 
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Table 470-3- TYPICAL RAMP LENGTHS FOR PEDESTRIAN BRIDGES 



Approximate length of one 



I (ft) 



mm (ft) 



mm (ft) 



10% 
mm (ft) 



: over highway 
Bridge over road or street 
Bridge over railroad 
Bridge over electrified railroad 



5 100(17) 
4 500(15) 

6 900(23) 

7 800 (26) 



5 700 6 300 (19-21) ascent 
5 100-5 700 (17-19) ascent 

8 100-9 000 (27-30) ascent 

9 000-9 900 (30-33) ascent 



75 000 (250) 
67 500 (225) 
108 000 (360) 
120 000(400) 



60 000(200) 
54 000(180) 
85 500 (285) 
94 500(315) 



Landing! are not considered, but it they are used, the approach ramp should be lengthened. Source: DeLeuw, Cather & Company. Inc., Boston, MA. 



Table 470-4. LOADS FOR NARROW FOOTBRIDGES* 



Loading 



Main beams 



Short-span members 



Handrail (horizontal load) 

All members 
Unloaded footbridge 

Loaded tootbndge 



Pedestnan/normal 

crowd 
Horse and rider 

Pedestnan 
normal 
crowd 



Horse and rider 



Pedestrian/normal 

crowd 
Horse and rider 

Snow 

Wind 40 000 mm/sec 
(133 ft/sec) 
(horizontal load) 

Wind: 28 000 mm/sec 
(93 tf sec) 
i horizontal load) 



2.3 
3.2 
2.3 



KN/m"' (48 lbs/ft 2 ) 
KN/nv (67 lbs/ft 2 ) 

KN/m 3 <4aibs/frt 



The greater: either 3.2 KN/m 2 (67 lbs/ft") or 1.6 
KN (364 lbs) on a 75 mm (3") square up to a 
1 900 mm (6'-4") span. Thereafter 1 .69 KN/m 
(116 lbs/ft) run of member 

3.2 KN/m2 (67 Ibs/ff) or 8.12 KN (1 826 lbs) 
on a 75 mm (3") square 

0.74 KN/m (50 lbs/ft), 1 000 mm (3 -4") above deck 
1.4 KN/m (lbs /ft), 1 100 mm above deck 

1.3 KN/m (89 lbs/ft), 1 250 mm (4-2") above deck 

0.4 KN/m-' (8.3 lbs/ft"') 

1.4 KN/rrr (29 3 Ibs/fr 1 ) 



0.7 KN/rrr (14.6 Ibs/ff) 



For wider footbndges and urban sites, 
use appropriate loading standards 

All short-span members may carry crowd 
loading Individual timber deck boards 
may carry paint or line load 



Permissible stresses increased by 25%. 



" Width of footbridge is 800-1 700 mm. 

Source: Adapted from Reiach Hall Blyth Partnership, preparers, Footbridges in the Countryside, the Countryside Commission for Scotland, Perth, 1981 



have to work through a range of types, 
depths, and sizes of foundation to identify 
the most acceptable economic solution. 

Types of Abutments: 

Open Abutments: Open abutments, with 
the end spans of the deck bearing on seat- 
ings at the tops of embankments, are often 
preferable to, and can look better than, a 
retaining wall type of abutment (Table 470- 
8). The cost of the end span, pier, and end 
support of a narrow bridge is likely to be 
less than that of a dosed abutment with 
wing walls and a retained fill. For a wide 
bridge, the cost of wing walls is relatively 
less significant, and the closed abutment is 
then likely to be more economical. 

Open abutments are particularly suitable 
where the ground is not firm enough to 



support the heavy weight of a closed abut- 
ment, or where horizontal forces must be 
kept to a minimum. Since the bank seat 
settles with the embankment, the problems 
of settlement of backfill behind the abut- 
ment are minimal. 

Wall Abutments: Various types of wall 
abutments are described in Table 470-9. 

Strutted, Portal, and Box Structures: 

Strutted, portal, and box structures are 
described in Table 470-10. 

Wing Walls: 

The cost of wing walls can be a significant 
part of the total cost of a substructure, par- 
ticularly for narrow bridges (Table 470-11). 
They can also have a negative effect on the 
aesthetic appearance of the bridge and 
result in only a marginal cost saving. The 



choice of geometry is usually controlled by 
the topography of the site, construction 
restrictions, and the construction sequence 
If possible, it is advantageous to design the 
wing walls so that a contractor can con- 
struct them before constructing the deck. 
Wing walls often can be structurally inde- 
pendent of the abutment, in which case the 
joints between them need to be designed 
to permit significant movement, with provi- 
sions made to hide minor tilts. Differences 
in settlement between the abutment and 
the wing walls can be due largely to the 
greater pressure on the abutment. 

Simple Abutments for Footbndges: 

u- 

Sophisticated abutments are not necessary 

for narrow footbridges. All abutments O 

should provide adequate air space and ^ 
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Table 470-5. LOAOINC ON SUBSTRUCTURES AND FOUNDATIONS* 



MAX 26 ffj 
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Dead /oad 

fart/i pressure 
Differential settlement 

Hydraulic 
Flood 

Creep and shrinkage 
Temperature 

Traffic on bridge 
Traffic on abutment 



A. Self weight of substructure 
b Weight of fill supported by foundation 
c Dead load and superimposed load of superstructure 

Continuously acting on completed substructure but likely to fluctuate in intensi- 
ty with substructure movement, vibration, water table, etc. 

Differential settlement of embankment relative to substructure transfers load to 
substructure and foundations Differential movements of supports of indetermi- 
nate bridge change reactions. 

Piers in rivers are subjected to lateral forces from change of direction of water- 
flow. Forces increase in times of flood. 

Drawdown condition following flooding of embankment. Also, flooding of 
retaining wall drainage membrane from behind or above. 

Creep and shrinkage movements of superstructure can affect reactions and 
thrusts on substructure. 

Temperature changes in superstructure can alter reactions and thrusts or apply 
displacement to supports (which can in turn alter earth pressures). Temperature 
changes in parts of substructures and ground affect the forces and differential 
movement between them. 

Detailed information is Included In various bridge-design standards for loading 
from; 

a Vertical gravitational load incorporating impact allowance 

b. Centnfugal load acting radially 

c. Longitudinal loads, which can act toward or away from substructure 

Live load surcharges to represent vertical traffic loading are given in standards 
for bridge design 

Horizontal loads due to braking and traction can act on substructure through 
fill and pavement 

Detailed information on wind loads on superstructure and piers is Included in 
the standards listed above. 

Piers may be vulnerable to impact from vehicles, trains, and river craft. 
Standards provide guidance for piers alongside highways Massive abutments 
and foundations are much less vulnerable and not likely to fail, although some 
displacement can occur from severe impact 

exceptional Constmction Snow, ice packs, earthquake, etc 

Combinations of any of the above loads can be cntical for incomplete sub- 
structures during stages of construction together with loads due to temporary 
works, stored materials, moving loads, and possibly also accompanied by 
reduction of support 

• This table lists various design loadings for substructures. The loadings are not considered to act all at 
the same time, and various combinations are identified during design 

Source: Building Research Establishment 
Table 470-6. PERMISSIBLE BEARING PRESSURE 



impact 



pressure on 
ground, KN/m 1 



Hard rock 2 150 21 

Shale and soft rock 1 075 t1 

Compact sand or gravel and hard compact clay 430 4 

Firm sand, sandy clay, and ordinary fairly dry boulder clay 215 2 

Wet or loose sand and soft day 105 1 

Unconsolidated fill, alluvial soil peat Varies up to 25 Up to 0.25 



Note: This table should be used for preliminary estimations only 

Source. Adapted from Reiach Hall Blyth Partnership, preparers. Footbridges in the Countryside, the 
Countryside Commission tor Scotland, Perth, 1981 




Figure 470-6 
Air space at 




Figure 470-7. 

Beam bolted to abutment. 

drainage at the bearing area (Figure 470- 
6). 

Footbridges may have to be bolted or 
clamped to the abutments to hold them in 
place during flooding or while vibrating 
under live loads (Figure 470-7). 

The simplest abutment is a bank seat, 
where the bridge superstructure meets the 
ground at its natural level on a stable area 
of suitable bearing capacity. In such cases, 
a concrete strip foundation is adequate 
(Figure 470-8). 

Timber bank seats can be used but will 
have a limited life. Timber must be treated 
with some type of wood preservative, and 
a tile drain is necessary (Figure 470-9). 

Where the bridge deck level is above the 
natural ground level, a mass abutment can 
be constructed. The fill used to ramp the 
footpath can be allowed to spill naturally 
around it. Where abutments are set on 
steep slopes, it may be necessary to retain 
the fill for the footpath by widening the 
abutment or providing wingwalls (Figures 
470-10 and 470-11). 

Figures 470-12 and 470-13 show typical 
small abutments suitable for narrow foot- 
bridges. If high abutments [over 3 000 mm 
(10 ft)] are required or if the soil has poor 
bearing capacity, then more sophisticated 
solutions, using reinforced concrete or piled 
foundations, can be adopted. In all these 
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Table 470-7. GENERAL GUIDE TO CHOICE OF FOUNDATION 



Stiff clay, medium-dense dry sand, or gravel 
Firm clays, loose dry gravels, or sand and gravel 

Stiff stratum at moderate depth with deep water table 

High water table in permeable ground 

Stiff ground overlying soft ground, e. g.. gravel over day 

Soft sllty days, peat and uncompacted fills 

Interbedded sand and silt layers 

Loose sands increasing in strength with depth 

Chalk 



Footings preferred 



Footings are most often appropnate for 
tootbridges tor reasons of cost, reliability, 
and ease of construction 

Some designers prefer to use footings 
with bearing pressures as low as 
100-150 kN/m- if significant settlement 
is expected during or soon after construction 

Shallow spread footings supported on mass 
concrete or granular fill which forms a firm 
stratum are sometimes less expensive 
than deep footings 



Compaded fill 



Steeply dipping rock substratum 



Shallow footings can be designed to make 
use of load -spreading quality of the stiff ground 

Spread footings can be used on fill 

it the ground can be consolidated in advance 

by use of a surcharge 

Excavation can be hindered by water in layers, 
but installabon of bored piles has also 
given many problems. 

Improving the strength of existing sand often is 
cheaper than using piles, but it is difficult to 
predict and monitor these special techniques. 
Therefore, piles are sometimes preferred 

Use footings unless chalk is deeper than the 
spread footings. Even soft chalk consolidates 
quickly under a load (usually dunng construction) 
Unpredictable and impenetrable ground, 
such as boulders or rock with clay matrix 
can be very difficult, with predictions of movement 
unreliable Shallow footings can be the more 
economical. 



Well-compacted, suitable, or selected till is generally 
as good as, if not better than, natural deposits 
of the same material 

Mass concrete fill can grip stepped interfaces 
where piles might glance off. 



Piles may have to be used 

where very heavy concentrated loads 

have to be transmitted to ground 

Piles are often the preferred solution because 
settlement of a pile group Is often as much as 
one-half or one-third of that of a footing 
and takes place rapidly. 



Driven or cased bored piles are typically used, 
but installabon can be difficult. 

Use of piles can create driving or boring 
problems and by concentrating the load above 
or In the clay can cause larger settlements. 

Piles are usually preferred. Measures some- 
times have to be taken to prevent damage 
from lateral loading due to adjacent 
embankment 



Driven piles compact the sand and provide high 
load capacity with minimum settlement. (Note: 
single size sands can be impossible to compact ) 

If upper surface is at unpredictable depths due 
to swallow holes, piles may be better because 
they can be drrven to different depths without 
delays in the contract Chalk softens during 
driving or bonng but recovers some strength 
dunng following weeks; therefore delay testing 
test piles at different depths to determine the 
optimum Excavation for footings or installation 
of piles 

Steel H piles have been driven either to deep 
firm stratum or to sufficient depths to mobilize 
adequate friction. 

If stratum Is very deep, then precast concrete 
piles with rock shoes or use steel piles. 



cases, an experienced engineer should be 
consulted. 

Piers: 

Piers are used to break up long spans. They 
should be adopted only where they can be 
located easily on sound foundations. Piers 
in waterways are difficult to construct and 
are subject to abnormal conditions from 
flooding. Expert advice should be sought 
before such a solution is adopted. 

When foundations must be prepared 
underwater, a cofferdam is necessary to 
keep out the water while the footing is 
being placed When the water is deep or 
the current swift, these cofferdams are very 
expensive, and the construction of each 
one is a separate problem which should not 




Figure 470-8. Typical bank seat. 



be attempted except under the direction of 
an experienced engineer 

Piers can be used to limit the size of 
abutments and to avoid forming embank- 
ments for footpaths by using them to sup- 




Figure 470-9. 

Typical timber bank seat. 
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Tabte 470-8. OPEN ABUTMENTS 



Type, use, and comment 



Bank seats: Often used in cut areas 
and less common in fill areas. 

Bank seats are simple economic structures of 
semimass or reinforced concrete Ideal for bridges 
where there is firm undisturbed ground. 

The exposed bearing shelf is more economical than 
the buried type because of the reduced length of deck, 
but the front edge of the footing should be kept back 
from the slope face because of erosion, frost action, 
and because the fill on a slope is not well compacted 
Wing walls are constructed as cantilevers or on footings 






Figure 470-10. 
Typical mass abutment. 



Bank seats on piles: Used occasionally 
Bank seats are placed on piles when the 
ground or fill is not strong enough 
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Source. Modified from Building Research Establishment. 



port the main span and an approach ramp 
(Figure 470-14). 

The top of a pier must be wide enough 
to accommodate bearings and beam ends. 
If the spans are simply supported, two 
bearings will be necessary, but for a contin- 
uous beam only one bearing need be spec- 
ified (Figure 470-15). 

Bridge superstructures exert longitudinal 
forces from expansion, wind, and traction, 
which have an overturning effect on piers 
(Figure 470-16). 

The simplest piers to construct, and the 
most economical, are those that are vertical 
with a uniform rectangular or circular cross 
section. Typical pier details are shown in 
Figures 470-17 and 470-18. 



Excavation Shape and Shear Keys: 

The foundation for an abutment should be 
level. Sliding must be resisted by friction 
under the base or by passive resistance in 
front of the toe. Often a wider base is 
needed to prevent sliding than for bearing 
or to prevent overturning. For this reason, 
some designers dimension the base for 
bearing and provide additional resistance to 
sliding by using a shear key or by inclining 
the footing (Figures 470-19 and 470-20). 
To minimize ground softening, some 
designers give the footing a small cross fall 
to improve drainage. 

The process of constructing a shear key 
frequently loosens the subbase. Also, rain- 
water can cause a softening of the soil. 
Therefore, when shear keys are used, they 
should be excavated and concreted in one 
continuous process. 



Figure 470-11. Typical mass abut- 
ment with wing walls. 



Three typical locations for shear keys are 
(Figure 470-19): 

1. Front shear keys: have to be far 
enough below ground level to avoid 
softening due to frost action and to 
reduce the risk of later scouring or 
excavations in front of the toe. 

2. Middle shear keys: are usually easier 
to excavate and do not cause compli- 
cations in the formation of the abut- 
ment. 

3. Rear or back shear keys; gain addi- 
tional lateral resistance from the 
ground because of the increased ver- 
tical compression of the abutment 
and toe. The excavation for a rear 
shear key normally causes less distur- 
bance of the supporting soil but caus- 
es more excavation on the retained 
side 
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BRIDGE BEAMS 




- PEAKING PAP 
HOLDING DOWN BOLTS 

ORIGINAL GROUND LEVEL 



CONCRETE OR MASONRY ENO WALL 
PRYSTONE DRAIN 



SECTION 




LONG SECTION 



Figure 470-1 2. Typical small-abutment (end-seat) detail. Backfilling should be 
well compacted and water should be led away from the abutment. 



Inclined Footing: 

A footing with an inclined bottom has a 
simpler cross section than one with a shear 
key, but the excavation and construction of 
this inclined footing can be more expensive 
than a shear key (Figure 470-20). 



Drainage: 

In climates with considerable rainfall, ade- 
quate drainage is necessary behind the 
abutment to prevent the buildup of water 
pressure and the saturation of the soil 
behind the abutment. 



The drainage system requires an outlet, 
must be testable, and has to be easily main- 
tainable. Figure 470-21 shows uses of a 
porous block or equivalent porous material 
through which the water can drain to a 
pipe that can be cleared by rods. Weep 
holes are often specified to allow drainage 
in case of pipe blockage. 

NOTE: A dry stone wall 450 mm (18 in) 
wide or wider may be equally as good as or 
better than a concrete abutment in regions 
where local rock and skilled labor are avail- 
able. 

Bearing Shelves: 

If bearing shelves are used, then they 
require drainage (Figure 470-22) A chan- 
nel along the top of the bearing shelf 
should be accessible for cleaning. Placing 
the channel in front of the bearings makes 
it simpler to clean. 

Protective Coatings: 

The back faces of concrete abutments can 
be given some form of protective coating 
to inhibit corrosion of the reinforcing in the 
concrete. 

Groundwater: 

Groundwater affects the performance of 
bridge substructures by: 

1. Reducing the bearing capacity of 
substrata. 

2. Increasing lateral pressures caused by 
flooding or a perched water table. 
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Figure 470-13. Typical mass-concrete abutment and wing walls. 
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Table 470-9. WALL ABUTMENTS 



Figure 470-14. Pier supporting 
access ramp. 





Type, use, and 

Mass or gravity type: Common usage for walls 
up to 1 800-2 700 mm (6-9 ft). Rare above 5 
400 mm (18 ft). 

Mass concrete without reinforcement pro- 
vides a simple form of construction but the 
large quantity of concrete is relatively expen- 
sive. 

Lack of reinforcement may make it ideal for 
a small contract with little or no other steel used 
in the construction. Low strength concrete can 
be used with less heat due to hydration and less 
cracking problems. 



Semirnass: Common usage 

A combination of mass concrete and mini- 
mum reinforcement. 
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Figure 470-15. Single and double 
bearing piers. The top of a pier must be 
wide enough to accommodate bearings 
and beam ends. 
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Figure 470-16. Effect of superstruc- 
ture expansion on piers. Piers must be 
constructed to counteract overturning 
effects due to longitudinal forces such as 
bridge expansion, wind, and traction. 

3. Leading to frost heaving of light 
structures. 

4. Reducing the stability of earth slopes 
supporting bank seats or abutments 
(horizontal and vertical boreholes for 
drainage can help stabilize a banks- 
lope in shales, mudstones, etc.). 

Levels of groundwater in test boreholes 
should be recorded at the time of construc- 
tion. Permanent standpipes or piezometers 
are necessary if groundwater is, or is 
thought to be, a serious problem. 

In regions where there are very large 
seasonal and yearly variations in the 
groundwater level, it is important to record 



Reinforced T: Most common form of construe 
tion. Minimum width of base can be achieved if 
heel is larger than the toe 

Complicated reinforcement details make 
construction slower than semirnass 



Counterfort: Seldom used except for very tall 
walls The complicated construcbon of counter- 
forts and much formwork make this uneco- 
nomic for walls less than 9 000-10 500 mm 
(30-35 ft) in height. 

Compaction of fill between counterforts is 
difficult and not always satisfactory. 



Abutment on fill: Used only when appropriate 
A deep foundation can often be achieved more 
economically by placing a small abutment on fill 
than by constructing a large abutment. In drfficuft 
ground conditions fill can be selfcompacting, such 
as by mass concrete, and placed withoul work- 
men entering the excavations. Speed ami simplici- 
ty of construction more than compensate for the 
cost of large quantities of material 



Reinforced earth: Reinforced earth may be 
appropriate where filled embankments are 
behind the abutments, but are not appropriate 
In cut areas 

These types of structures have a large toler- 
ance for movement and are ideal for sites with 
poor ground near the surface (but not if ixxn 
stratum is deep because circular slip is not 
resisted by ties) A batter to the front face is 
desirable. 

Be sure to assess the corrosion life of ties 
and fittings and the possibility of erosion 
through gaps in some types of facing 
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TABLE 470-9 (Continued) 



Type, 

Diaphragm (contiguous bored pile or sheet 
pile) wall: Used for special situations only 

These forms of structure are convenient for 
construction from ground level, when their high 
cost is compensated for by the speed of con- 
struction and lack of temporary works They 
usually require some form of facing after exca- 
vation 

The piles can be in line or staggered to 
Increase the wall thickness and provide a toler- 
ance for variation in pile size. 

Diaphragm walling may be economic for 
large or repetitive works It. can he constructed 
with precast elements with adequate drainage 
behind it 

Steel sheet piling may not be suitable for 
permanent works with a long design life. 
Economy >s particularly evident when they are 
good for temporary cofferdams. 



Sketch 



oooocca 



Anchors and ties: Ground anchors are practicaJ 
for abutments if the existing soil is not cohesive 
or where there is a low water table 

When ties are used for deadman anchors, 
provision should be made for settlement of wall 
and fill. Allow the movement needed to mobi- 
lize the anchor resistance 

Anchors and bes. like ground struts used for 
reinforced earth, can be damaged during exca- 
vation when services are performed at a later 
date. 



Source: Modified from Building Resr.irrti I itabhshment 
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the standpipe levels regularly and for as 
long a time as possible. 

Flood Damage and Scour: 

Floods and flood debris can sometimes 
pose a greater threat during bridge con- 
struction than afterwards. During the 
design stage, it is important to obtain infor- 
mation on flood frequencies and to make 
this information available to bidders and 
contractors, 

Floods may cause damage to a bridge in 
the following manner: 

1. Insufficient waterway at the bridge 
site causing flooding and/or high 
water velocities resulting in scour of 
the streambed and banks, which may 
undermine the abutments 

2. Insufficient waterway downstream of 
the bridge causing back-up, or insuf- 
ficient waterway upstream of the 
bridge causing high flows, can result 
in the structure floating off its bear- 
ings and being carried away 

3. Floating debris and ice wedging 
against the bridge structure, creating 
stress and possible structural failures 

Avoiding Flood Damage: Flood damage 
can be avoided by (1) setting the bridge 
high enough to allow passage of the high- 
est flows and to provide clearance for float- 
ing branches and other debris, and (2) plac- 
ing abutments where flow will not be 
blocked or restricted. Areas upstream of the 
bridge should be inspected to determine 
what can be carried downstream during a 
flood. 

Scour Scour is one of the most frequent 
causes of failure in bridges over streams. 
The dangers of scour around abutments 
and piers can be minimized when: 

1. The abutments are kept behind the 
natural bank line so they do not 
become an obstruction. 

2. The foundations are set well below 
the lowest level of the scour. 

Figure 470-17. Typical support piers 
for timber beam bridges (span under 
10 meters fixed at both ends.) Smaller 
piers use top of section (as shown with 
cross-hatching). 
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Table 470-10. STRUTTED, PORTAL, AND BOX STRUCTURES. 



Type, uu, and 



Strutted or vertical beam abutments: Often used for small 
bridges, but seldom used or spans exceeding 
1 B 000 mm (60 ft). 

Many small bridges of spans up to 13 500 mm (45 ft) use 
the deck and structure of the bridge as a strut to the top of 
abutments. This allows the foundations to be narrower and 
simpler than for freestanding cantilever walls 

Usually the walls are monolithic with the footings. Strutting 
of abutments is not recommended for skews greater than 
6 000 mm (20 ft), although the effect of the skew depends 
on the length-width ratio. 



Sketch 
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Figure 470-19. Position of shear 
keys. 
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Portal frames: This type is occasionally used 

Portal frames are used for the same advantage as strutted 
abutments, but for much longer spans. It is possible to use 
a more slender deck than for a simple supported span. The 
portal frames are generally more expensive, and their foun- 
dations have to resist horizontal movement to prevent 
overstressing the top corners of the portal. 



Source: Modified from Building Research Establishment. 
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Figure 470-18. Typical support piers for steel beam 

(Span under 10 meters fixed at one end). 





Figure 470-20. Footing with inclined 
base. 
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Figure 470-21. Typical drainage sys- 
tem behind wall abutment {for wet 
climates. 
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Table 470-11. WING WALLS 



Type, use. < 



Sketch 



Wing walls parallel to 



Wing walls parallel to the abutment face are not as 
economic as angled walls but are usually simpler to 
build. They are often designed monolithic with 
abutment For bridges constructed on exisbng 
embankments, they cause less disturbance 





DRAIN 



Figure 470-22. Drainage of bearing 
shelves. The channel along the top ol the 

bearing shelp should be accessible for 
cleaning. 



Wing walls at angle to abutment face: 

These are generally the most economic as far as 
materials used. 




RIP-RAP 



Wing walls parallel to the bridge: 

Less economic than angled walls, but continue line 
of deck and provide support for parapets Such wing 
walls may not be appropriate when they or their 
excavations impinge on adjacent structures, services, 
or traffic diversion Proper compaction of backfill In 
the corners is seldom achieved, and forming of 
exposed edges of abutments requires special care. 



Cantilever wing walls parallel to over road: 

Commonly used with sloping abutments 

An abutment with large cantilever wing walls looks 
similar, when complete, to the abutment with wing 
walls on footings parallel to the bridge It has the 
advantage of having the whole structure supported 
on a single footing, which can settje as a single 
body, but it also has the same problems during con- 
struction as the one above. Reinforced earth or 
sheet piling can sometimes be used for wing walls 
to a concrete abutment 



Crib walls: 

Crib walling is suitable for wing wall construction. (It 
is not considered suitable for abutments.) Its 
appearance makes it more acceptable in rural than 
in urban situations 



Source Modified from Building Research tstabtidimenl 
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Figure 470-23. Scour protection 
devises for narrow footbridges. 
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Table 470-12. SIZE RANGES OF PREFABRICATED BRIDGES 



.(ft) 



mm (ttj mm («) 



Low-profile bridge (steel) 

High-profile bridge (steel) 

Aluminum bo« truss pedestrian bridge 
Steel arch bridge 

Steel through truss 



i 000-31 500 (10-105) 
3 000-31 500(10-105) 

18 000-33 900(60-113) 

3 000-30 000(10-100) 

in 1 500 mm (5 ft) increments 



21 600-50 100 (72-168) 

in 2 400 mm (8 ft) increments 



1 200-3 000 1 200 (4) 
(4-10) 

1 200-3 000 2 400(8) 
(4-10) 



1 200 (4) 

1 800 (6) 

2 400 (8) 

3 000(10) 



1 800 (6) 

2 400 (8) 



2 400 (8) 



3. The face of the abutment is made 
rough, to reduce the speed of the 
water flow. 

4 The piers, if used, are streamlined to 
cause fewer eddies. 

5. The sheet piling, if used for cofferdams, 
is left in place for scour protection. 

6. Scour protection techniques (gab- 
ions, riprap, etc.) are used to slow 
down the flow. 

If scour protection devices and tech- 
niques are necessary, they should extend 
far enough upstream and downstream that 
the stream cannot erode behind them. 
Often the scour protection device is turned 
back into the stream bank in order to pro- 
tect the ends from scouring. 

Common techniques of scour protection 
include (Figure 470-23): 

1. Riprapping: stones or precast con- 
crete units are laid on a bed of small- 
er stone or gravel. The profile of the 
riprapping should divert the water 
flow smoothly around the abutment 
without any obstruction. If the 
riprapping becomes damaged, the 
damaged area can enlarge very 
quickly and cause a complete break- 
down. 

2. Stone-filled wire gabions, gabions are 
galvanized wire cages filled with cob- 
bles. They must be installed strictly in 
accordance with the manufacturer's 
instructions. Since a large amount of 
stone filling is required, gabions are 
best suited for areas where this can 
be obtained locally. (Refer to Section 
410: Retaining Walls, for more infor- 
mation on gabions.) 

3. Revetments: wood or precast con- 
crete can be used to create a wall 
(revetment), which is then filled with 
stone and/or gravel Various tech- 
niques are employed in the construc- 
tion of revetments. Figure 470-23 
shows one technique using wood. 
Concrete cribbing is also used and 
generally has a longer life, although it 
may be more expensive to construct 
(Concrete cribbing is described briefly 
in Section 410: Retaining Walls.) 

4. Interlocking steel sheet piling: steel 
sheet piling may be advantageous in 
particularly difficult situations where 
ground conditions are very poor. This 
technique usually requires installation 
by an experienced contractor. 



Bearings: 

When superstructures rest on abutments 
and piers, the load is transferred through 
some form of bearing device which allows 
the bridge to expand and contract under 
temperature or moisture changes Bearings 
also let the ends of the beam flex slightly as 
they are loaded and unloaded (see Figure 
470-12). 

Timber Footbridges: Timber structures 
expand in relatively small amounts and do 
not need special expansion bearings unless 
the spans are over 30 000 mm (100 ft). 
Glass-fiber-reinforced bituminous felt, lead, 
or rubber pads can be used as bearings. 
Because timber bridges are relatively light- 
weight, vibration from heavy use may 
move the bridge off its bearings, or flood- 
ing may float it away. Therefore, most 
wood bridges should be held down by bolts 
or stainless-steel straps. (See Figures 470- 
25 and 470-26.) 

Steel and Concrete Footbridges: Structures 
made of steel or concrete may be mounted 
on glass-fiber-reinforced bituminous felt, 
lead, or rubber pads for spans up to about 
9 000 mm (30 ft). Because a steel foot- 
bridge is relatively lightweight, a positive 
method of holding it down should be incor- 
porated in the bearings. Recent experience 
shows that prefabricated bearings with 
stainless steel sliding on a pad of fluorocar- 
bon provides very low friction forces for 
both steel and concrete bridges 



4.0 TYPICAL DESIGNS FOR 

SHORT-SPAN FOOTBRIDGES 



This subsection includes drawings and 
information on seven types of footbridges. 

Figures 470-24 to 470-30 show repre- 
sentative designs for footbridges for spans 



under 9 000 mm (30 ft) where the loading 
is limited to Pedestrian — normal (see Table 
470-4). Where the spans are greater than 9 
000 mm (30 ft), an experienced bridge 
designer should be consulted. 

4.1 Log Footbridge 

For a log footbridge (Figure 470-24), nat- 
ural logs are often used when timber can 
be cut at or near the footbridge site. 
Natural log footbridges may have a rela- 
tively short (8 to 10 year) lifespan, depend- 
ing on the durability of the logs and the 
wetness of the local climate. The most 
decay-resistant species of timber should be 
selected. 

4.2 Sawn Timber Footbridge 

The main beams of a sawn timber foot- 
bridge (Figure 470-25) should be of high- 
quality wood and should be pressure-treat- 
ed with an appropriate wood preservative 
to provide long life. Sawn timber is lighter 
and easier to handle than natural logs, and 
such bridges have a better life than log 
bridges, typically ranging from 15 to 20 
years. (See Section 850: Wood, for more 
information on the use of wood in outdoor 
construction.) 

4.3 Galloway Timber Footbridge 

This design (Figure 470-26) was developed 
with the following aims: 

1. The main beams would not be pene- 
trated by bolt holes or other fasteners 
after preservative treatment. 

2. The bridge would be demountable to 
permit periodic maintenance and 
easy replacement of damaged sec- 
tions. 

3 Skilled site work would not be 
required. 
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Log Size 
Average 
Diameter 
250 mm (10 In; 
300 mm (12 In 
350 mm (14 In 
4O0 mm (16 In) 



5pan C/C Bearing 
2-log, 900 mm (3 ft) 3-log. 200 mm (4 ft) 



wide deck 

5 000 mm (16'-0") 

6 700 mm (22'-4") 
& 000 mm (26'-6") 
9 750 mm (32'-6") 



wide deck 

5 500 mm (la 1 ^") 
7 000 mm (23'-4") 

6 500 mm (2e"-4") 
1 000 mm (3'-4") 



Figure 470-24. Log Footbridge 



These aims have been achieved by using 
bent bolts to bind the bridge parts togeth- 
er so that friction between the faces 
replaces bolted connections. The bent bolts 
could be loosened to allow parts to be 
removed for maintenance or repair, The 
problem of fastening handrail posts has 
been solved by using a prefabricated H 
frame which is made off-site. The bridge is 
assembled by unskilled laborers on-site 
from a kit of parts. 

4.4 Galloway Steel Footbridge 

The British Army developed this design 
(Figure 470-27) from the Galloway timber 
footbridge. The steel beams extend the 
useful span and are lighter than timber. 
Horizontal bracing is required between the 
steel beams because they are less stiff in 
this direction than timber. A good paint 
specification and regular maintenance are 
required to extend the life of the steelwork. 
The longer spans should not be attempted 
without engineering advice. 

4.5 Steel Beam Footbridge 

Two suggested cross sections for steel 
beam structures are shown in Figure 470- 
28. The life of the structure will depend on 
the quality of the maintenance protecting it 
from corrosion. 

4.6 Suspension Bridge 

Suspension bridges (Figure 470-29) are 
used when [a) streams have fluctuating 
water levels, (b) the currents are very rapid, 
(c) conditions for foundations, particularly 
intermediate piers, are impractical, and (d) 
sites are remote so that small pieces need- 
ed for a suspension bridge can be carried 
in. Where large crowds are not expected 
low technology solutions are possible for 
footbridges of 14 700 to 19 800 mm (49 to 
66 ft). 

The sizes of all members of a suspension 
bridge must be determined by an experi- 
enced designer or engineer who will also 
check the method of erection. This should 
be done under the guidance of a compe- 
tent construction supervisor. Erection of a 
suspension bridge is hazardous. Safe work- 
ing procedures must be formulated and 
used by experienced personnel using cor- 
rect equipment. 

4.7 Concrete or Masonry Arch 
Footbridges 

In addition to the six types of wood and 
metal bridges, there are several bridge 
types that could be constructed from 
poured-in-place concrete or various kinds 
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fS, Figure 470-25, Sawn timber footbridge. 



of masonry construction. Figure 470-30 
shows two variations, one using concrete 
and one using stone. In the latter example, 
other types of masonry (such as brick or 
precast concrete) could be used as the 
structural material or as a facing material 
for a poured concrete footbridge. 

As with other types of footbridges, con- 
crete or masonry arch bridges require solid 
foundations. Most concrete or masonry 
arch bridges require the advice of a struc- 
tural engineer to ensure compliance with 
safe design and construction standards. 

If rough stone or rubble masonry is used 
to construct the arch, then the stones 
should be roughly squared and laid in port- 
land cement mortar. The stones must be 
hard, durable, and reasonably flat. Not 
more than one-third of the stone should be 
less than 300 mm (1 ft) thick, and no stone 
should be less than 150 mm (6 in) thick and 
have a bed area of less than 300 mm (1 ft) 
square. Walls must be laid using large, flat, 
selected stone in the bottom and having at 
least one-fifth of the wall surface made of 
face headers. All of the spaces in the heart 
of the wall should be filled with suitable 
stones or spalls which are thoroughly bed- 
ded in cement mortar. The outer arch ring 
should be made of full-size stones that 
have been rough-dressed to create 
smoother abutting inner surfaces. They 
should be laid simultaneously from both 
ends, with mortar joints not exceeding 25 
mm (1 in) in thickness. 

Arch centers should not be struck until 
directed by the designer. The tops of the 
face walls should be finished with cope- 
stones no less than 150 mm (6 in) thick and 
450 mm (18 in) wide, with a length of at 
least IVa times the breadth. 

Dry rubble masonry can be used, but it 
should meet all of the other requirements 
for rough -stone or rubble masonry. Only 
flat stones at least twice as wide as thick 
should be used. Generally, the larger stones 
should be placed in the lower part of the 
wall, although different sizes can be more 
evenly distributed over the wall face. 

If the wall is sloped, then the stones 
should be placed at right angles to the 
slope and every stone must extend the full 
depth of the wall. 



5.0 TYPICAL DESIGNS FOR 
PREFABRICATED BRIDGES 



Manufactured prefabricated bridges can 
offer advantages in sites where access is 
easy, where long spans are necessary. 
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where minimal costs are required, or where 
skilled labor is unavailable. 

Flat-span and arch-span types of bridges 
are available in the United States for spans 
ranging from 3 000 to 48 000 (10 to 160 
ft). Lengths over 19 500 (65 ft) are fabri- 
cated in sections to be bolted together in 
the field. Carbon-steel or self-weathering- 
steel bridge structures finished with wood- 
en decking and handrailings are also avail- 
able. Loadings are designed in accordance 
with AASHTO specifications. Optional 
handrailings 1 350 (54 in) high are available 
when use by bicyclists is anticipated. 

The same careful consideration of foun- 
dation and abutment design is required for 
prefabricated bridges as for site-built 
bridges because manufacturers provide 
only bridge superstructures. 

Table 470-12 gives the sizes of prefabri- 
cated bridges currently available in the 
United States. 



6.0 PROBLEMS OF ERECTING 
BRIDGES 



Every site will present its own distinctive 
problems in the erection of a bridge. Four 
of the most common areas of difficulty are: 

1. Access to the site: where access is 
particularly difficult, it may be neces- 
sary to design main structural mem- 
bers with small pieces that can be 
assembled at the bridge site. 

2. Amount of clear, level area for 
assembly of bridge elements: if struc- 
tural elements have to be assembled 
at the site before being placed across 
a gap, a suitable level area is 
required. 

3. Lifting main structural members into 
position: the method used to place 
these members will depend on their 
length, weight, stability, and the 
nature of the equipment which can 
be brought to the site This should be 
anticipated at the beginning of the 
design process (Figure 470-31). 

4. Maintaining safe working conditions: 
accidents can be avoided only by 
adopting safe working methods 
which are carefully supervised. 



7.0 MAINTENANCE OF BRIDGES 



All bridges deteriorate over time as a result 
of constant use and of decay. Therefore, all 
bridges need periodic inspections and 
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Figure 470-27. Calloway steel footbridge. 



repair. The following procedures should be 
adopted to ensure longer life of the bridge. 

7.1 Maintenance in Design 

Provide for maintenance in design by: 

1. Ensuring that the main beams can be 
inspected along their entire length 
and especially where they rest on 
piers and end seats 

2. Ensuring that secondary elements 
(decking, handrailings, etc.) can be 
removed and replaced without 
undue difficulty 

3. Ensuring that inspections are easy to 
carry out, including the provision of 
anchor points for harnesses and/or of 
platforms for ladders or scaffolds 

4. Ensuring that design assumptions are 
recorded and that design drawings 
and specifications are kept secure 

7.2 Maintenance in Construction 

Provide for maintenance in construction by: 

1. Ensuring that the bridge is built to 
design standards and specifications 

2. Ensuring that variations are recorded 
and that an accurate set of as-bullt 
drawings is produced, including a 
simplified plan and elevation for 
inspection purposes 

3. Taking a set of photographs, so that 
construction work, particularly that 
which will be hidden, is recorded, and 
so that progressive deterioration can 
be assessed by comparison with the 
original condition. 

7.3 Maintenance in Use 

Provide for maintenance in use by: 

1. Briefing maintenance staff on stan- 
dards and procedures 

2. Maintaining a record file for each 
bridge 

3. Inspecting each bridge and its 
approaches annually, preparing a 
bridge inspection report, and ensur- 
ing that maintenance recommenda- 
tions are implemented 

Sensible housekeeping measures include 
cleaning vegetation and soil from timber 
decking, maintaining free air space around 
beam ends, and tightening loose fasten- 
ings. Wood preservative should be reap- 
plied every 3 years, and metal paint every 5 
years. Rust spots should be cleaned every 
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year, coated with antirust primer, and 
touched up. 

7.4 Inspection 

Points to look for during inspection are: 

1. Scouring of riverbed and bridge 
foundations 

2 Damage to banks and adjacent land 

3. Unsafe trees close to the bridge 

4. Muddy or worn footpaths, steps, and 
ramps 

5. Decay of timbers, especially at holes, 
cracks, and ends 

6. Water and moisture traps on horizon- 
tal surfaces and joints 

7. Loose bolts, screws, nails, posts, and 
handrailings 

8. Metal corrosion 
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Figure 470-29. Suspension footbridge. 
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Figure 470-30. Concrete or masonry arch footbridge. 



Figure 470-31. Methods of 
erection. The method used to place 
members will depend on their length, 
weight, and stability and on the nature of 
the equipment which can be brought to 
the site. 
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Figure 510-1. The larger setting provides the context of site furniture. 




Figure 510-2. Site context: Informal character. 



1.0 INTRODUCTION 



1.1 General 

Elements placed in a landscape or 
streetscape for comfort, convenience, 
information, circulation control, pro- 
tection, and user enjoyment are collectively 
referred to as site furniture (Figure 510-1). 
Benches, bollards, signage, lighting, tree 
grates, and utility boxes are but a few 
examples. Their design and placement 
require careful consideration, involving sev- 
eral factors, each of which is described in 
this section. 

Many of the same types of furnishings 
are also used for similar reasons in special 
landscapes, such as interiors or roof decks. 
(Refer to Sections 620: Interior Landscapes, 
and 610: Roof and Deck Landscapes, for 
more information.) 

1.2 Design Objectives 
Appropriateness; 

Appropriateness is a major objective in the 
design and placement of site furniture ele- 
ments. It is important to respond to the 
character of a site as well as its existing and 
proposed functions (Figures 510-2 and 
510-3). 

Response to Setting: 

Design should respond to the essential 
identity or inherent character of a place. 
Successful, lasting design will flow out of its 
setting, continually responding to the 
needs of its users, meeting functional 
requirements, and adapting to the environ- 
mental stresses affecting it. 



2.0 DESIGN DETERMINANTS 



Settings should be analyzed in terms of 
both cultural and physical factors. 

Cultural factors include: 

1 . Social context 

2. Political context 
Physical factors include: 

1 . Climate 

2. Natural physiography 

3. The existing built environment 
Each of these factors is described below 



2.1 Cultural Factors 
Social Context: 

Attention to both the existing and pro- 
posed large-scale social setting will indicate 
who is currently using the site and who will 
likely use the site in the future. The manner 
in which the site is being used requires 
careful investigation (Figure 510-4) 

The traditions and habits of particular 
user groups provide a basis for unique 
design departures that can enliven the set- 
ting as a whole, while at the same time 
serving specific needs. This can be reflected 
both in site organization as a whole and the 
design of individual elements themselves. 



Inattention to the cultural habits and 
desires of particular groups and the use of 
improper elements can foster negative 
reaction in a neighborhood. The use of 
themes or vernacular forms which have no 
local cultural root seldom contribute to the 
evolving identity of a place. 

Some ethnic groups, for instance, have 
need for special types of site furniture 
appropriate to particular activities. Finding 
what is needed is not only a basic responsi- 
bility of the designer, but often opens up an 
opportunity to explore new design ideas. 
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Design ideas will evolve from thoughtful 
examination of the natural, built, and social 
setting, but a complex and contradicting 
array of administrative, operational, regula- 
tory, and legal issues can compromise a 
design (Figure 510-5). Designing solely to 
meet these regulations often produces 
nothing of present or enduring value. This 
is particularly true regarding the design and 
placement of furniture in public spaces 
where a great number of functional, visual, 
and regulatory factors coincide. 

The nature of the setting, whether a 
public square or a corporate courtyard, 
implies major differences in the choice of 
design elements. Public streets and spaces 
are susceptible to incidences of vandalism, 
and are also periodically abandoned by rev- 
enue-starved local governments. Lastly, 
issues of long-term maintenance, public 
safety, and circulation control require care- 
ful consideration. 

2.2 Physical Factors 

Climate: 

Different climates and/or dramatic season- 
al changes can significantly influence the 
design of site furniture and the consequent 
comfort of the users. Figure 510-6 shows 
typical climate factors. A thorough under- 
standing of the consequences of seasonal 
variation, including both advantages and 
disadvantages, is an essential prerequisite 
for the design of site furnishings. 

Physiography: 

Particular landforms, vegetation, and other 
distinctive qualities which give an area its 
special regional or local character should be 
responded to in a congruent manner 
(Figure 510-7). For instance, in the United 
States the building vernacular of the Rocky 
Mountains is distinctly different from that 
of the Appalachian Highlands. Special 
attention should be given to examining 
local landscapes and materials before trans- 
lating program requirements into built ele- 
ments. 

Built Environment- 
Site furnishings can strengthen the link 
between a development and its surround- 
ings, can personalize the setting, and can 
enhance the positive aspects of the sur- 
rounding built landscape. 

A careful inventory of the existing built 
environment should precede decisions of 
scale, pattern, color, sequence, age, quality, 
materials, and construction detailing. 



Figure 510-8 illustrates the typical mix of 
uses and settings to which furnishing sys- 
tems must relate. 

Furniture elements should reflect the 
character of the built environment, be 
internally integrated between themselves, 
and not promote a cluttered appearance. In 
any streetscape, for instance, effective site 
furniture design and placement can resolve 
a chaotic scene of light standards, parking 
meters, mailboxes, newspaper stands, and 
trash receptacles. There should be a bal- 
ance between the visual importance of 
individual furniture elements and their 
compatibility within the visual context of 
the setting. It is important to incorporate 
the vistas, views, and visual composition of 
the entire site. 




Figure 510-4. Diversity of social 
settings. 



1. The cultural traditions and habits of particular user groups provide a basis for 
unique design departures that can enliven the setting as a whole. Similarly, inatten- 
tion to these habits and desires can foster negative reaction in a neighborhood 

2 Design must balance the thoughtful examination of the natural, built, and social 
setting, with regulatory concerns and politically-charged issues of maintenance and 
safety. 

3. Particular landforms. vegetation, vistas, and other distinctive qualities that give an 
area its special character should be considered in the selection, design and place- 
ment of site furnishings. 

4. Furniture elements should reflect the character of the built environment, be internal- 
ly integrated between themselves, and not promote a cluttered appearance. 

5. The physical dimensions and movement characteristics of the human body are 
essential determinants for the design of site furniture. Sections 210: Spatial 
Standards, and 340: Pedestrian Circulation, provide information on human dimensions 
and movement. 
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Figure 510-5. Diversity of regulatory standards. 




Figure 510-6. Climatic factors. 

2.3 Environmental Factors 

Individual site furniture elements should 
meet the following environmental criteria 
(Figure 510-9). 

Temperature: 

Heat: The climate of a particular area is a 
key consideration when trying to determine 
whether permanent, partial, or temporary 
shade and glare reduction measures are 
needed. Furniture elements, such as per- 
manent benches, should not be placed near 
extensive areas of paving or wall surfaces 
which reflect or radiate excessive amounts 
of heat, unless adequately buffered by 
shade, etc. 



Figure 510-7. Physiographic factors. 

Benches, handles, and handrails exposed 
to full sunlight should be nonmetallic 
and/or light in color to remain comfortable 
to the touch. 

Cold: Site furniture should be placed to 
take advantage of natural sun traps in cool 
weather regions, thereby extending the 
usefulness of the site. Materials which 
absorb and radiate heat are advantageous 
in cold climates. Darkly colored, smoothly 
textured materials will inhibit snow and ice 
accumulation. 

Furniture should be designed to minimize 
water or ice accumulation. For some ele- 
ments of furniture it may be necessary to 
periodically shut down service on the site or 
totally remove the furniture. Such factors 



should be considered when selecting each 
item. Consult with manufacturers to deter- 
mine the all-weather value of various prod- 
ucts. 

Materials used in cold climates should not 
become brittle when cold, especially in 
locations where they may be stressed by 
normal use. Most cast metals and some 
kinds of plastics should be carefully ana- 
lyzed before being used in cold climates. 
Fasteners and joints should also be able to 
withstand stresses caused by expansion 
and contraction of the materials. 

Precipitation: 

Rain: In regions subject to rain and/or 
snowfall, some of the site furniture used for 
sitting should be placed in sheltered loca- 
tions. 

Benches should drain well; they could be 
constructed of nonabsorptive materials to 
promote rapid drying. They should also be 
located to take advantage of the warming 
effects of sunlight. Materials selected for 
use in humid climates should be naturally 
decay and fungus-resistant, or specially 
treated to minimize mildew, rot, and conse- 
quent staining. 

Snow: Logical placement of site furniture in 
areas of high snowfall will depend on the 
methods to be used for snow removal. 
Areas where snow is trapped or stockpiled 
should be identified before locating furni- 
ture to avoid damage from snow removal 
equipment. Maneuvering space and clear- 
ances should be provided so that major 
pedestrian ways can remain open to all 
essential access points. 

Adequate drainage is essential for carry- 
ing off snowmelt and preventing ice forma- 
tion. Furniture should be located where 
winter sunlight can help to melt the snow. 

Wind: 

Site furniture (benches, tables, etc ) should 
be located to minimize any negative gust- 
ing impacts upon users in areas subject to 
strong prevailing winds. Patterns of snow 
drifting should be studied to minimize its 
accumulation on furniture. 

Furniture can be located to take advan- 
tage of natural cooling breezes in warm cli- 
mates. Trees can provide shade and, to 
some extent, control the movement of air. 

Light: 

Site furniture should take advantage of the 
quality and character of light available on 
the site. 
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The selection and design of site fur- 
niture should take climatic Issues of 
temperature, and precipitation Into 
consideration, 

1- In hot climates, furniture elements 
should be nonmetallic or light in 
color, and placed away from sur- 
faces that reflect or radiate exces- 
sive amounts of heat. 

2. In cool climates, furniture should be 
dark in color, placed to take advan- 
tage of natural sun traps and avoid 
areas where snow is stockpiled. 

3. In wet climates, benches should 
drain well and be constructed of 
nonabsorptive materials to promote 
rapid drying. 

4. Materials selected for use in humid 
climates should be be naturally 
decay and fungus-resistant, or spe- 
cially treated to minimize mildew, 
rot, and staining. 



Figure 510-9. Environmental factors. 

Wherever possible, minimize the glare 
from light fixtures and intense sunlight. 
Recognizing that light conditions change 
both daily and seasonally, locate furniture 
and especially outdoor signs in such a way 
as to minimize the glare caused by low sun 
angles on wet, frosted, or otherwise reflec- 
tive surfaces. 

Noise: 

Site furniture may be focused toward pleas- 
ant sources such as the sounds of song- 
birds, children, street performers, and the 
like. Reciprocally, undesirable sounds can 
be blocked. Sound barrier walls, earth 
mounds, and other techniques of noise 
control should be considered (Refer to 
Section 660: Sound Control, for more infor- 
mation.) 



2.4 Operational Factors 

Human Body Dimensions and Movement: 

The physical dimensions and movement 
characteristics of the human body are 
essential determinants for the design of all 
types of site furniture. These common 
denominators set all working distances and 
operational dimensions in the design of fur- 
niture components and their aggregate lay- 
out. Sections 210: Spatial Standards, and 
340: Pedestrian Circulation, provide infor- 
mation on human dimensions and move- 
ment. 

Regulatory Standards: 

Site furniture must also conform to a host 
of regulatory standards imposed by munic- 
ipal, state, and federal governments. 
Nowhere are these more profuse {and con- 



tradictory) than in urban public rights-of- 
way, where the greatest number of jurisdic- 
tional domains overlap. For example, typi- 
cal standards deal with required light inten- 
sities for pedestrians and vehicles, light fix- 
ture mounting heights, the proximity of 
trees to utility poles and underground utili- 
ties, traffic signalization, signage and con- 
trol systems, intersection setbacks, wheel- 
chair ramp gradients and placement, the 
height of mailboxes, the width of vehicular 
lanes, turning radii, curbside usage, and 
even the size of garbage cans (Figure 510- 
10). 

These regulations require careful scrutiny 
rather than slavish adherence in order to 
achieve a quality result. The designer must 
understand the purpose and rationale for 
the regulation, and then be able to inter- 
pret its most appropriate application and be 
prepared to negotiate creatively. 

The vast number of off-the-shelf com- 
ponents available are subject to the same 
regulatory criteria. In some cases, they may 
be neither adaptable nor appropriate. 
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Figure 510-10. Regulatory Standards. 
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pies. Diagrams and notes illustrating site 
concepts are included to further aid the 
designer. 

Appropriateness is the key to the siting 
and design of these elements. (See 1.2 
Design Objectives in this section.) Only 
after careful inventory and evaluation of 
these critical design objectives and criteria 
can proper concepts and solutions for 
placement and design be made for these 
elements. 



REFERENCES 



Cerver, Francisco Asensio. World of 
Environmental Design Elements of 
Landscape, Barcelona, Spain, 7995. 

Halprin, Lawrence. Cities, MIT Press, 
Cambridge. MA, 1972. 

PLAE, Inc. Universal Access to Outdoor 
Recreation: A Design Guide, Berkeley, CA, 
1993. 

Seattle Arts Commission. Field Guide to 
Seattle's Public Art, 7991. 

Serra, Josep/i M, Urban Elements, Furniture 
and Micro-Architecture, Gustavo Gill, 
Barcelona, Spain, 1996. 

State of Washington. Accessibility Design 
for All: An Illustrated Handbook. 7996. 

Whyte, William H. The Social Life of Small 
Urban Spaces, 7980. 



Figure 510-11. Selection process diagram. 



3.0 DESIGN CONSIDERATIONS 



3.1 Selection Process 

Figure 510-11 illustrates how site furniture 
and features can be selected by careful 
evaluation of stated site objectives and use 
criteria. 

These objectives and needs are matched 
with a range of alternatives, such as 
whether to select the elements from exist- 
ing ready-made sources, make modifica- 
tions to such manufactured designs, or 
develop a new design. 



Key factors in the process of either 
selecting ready-made or custom designing 
elements are. (1) availability of each unit, 
(2) maintenance requirements, (3) initial 
and lifetime costs, and (4) whether the 
solution will be consistent with the overall 
design of the project. 

32 Design Elements 

The categories of design elements summa- 
rized in Figures 510-12 through 510-20 
illustrate a range of designs, materials, and 
uses of site furniture for various purposes. 
These figures show basic components of 
each element, along with generic exam- 
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SEATING 



Principles of design should empha- 
size: 

1. Comfort. 

2. Simplicity of form. 

3. Simplicity of detail. 

4. Ease of maintenance. 

5. Durability of finish. 

6. Resistance to vandalism. 



PROTOTYPE BENCH COMPONENTS 
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SITE OBJECTIVES 



Seating should be sited so as to: 

1. Be sheltered from wind. 

2. Take advantage of site views. 

3. Be situated back of circulation 
paths. 

4. Provide a variety of options for 
pedestrians, such as: 

Sunlight/Shade 

Quietude/Activity 

Formality/Informality 



CONTEXT 



Seating elements are important ele- 
ments of an environment and should 
be designed to be compatible with 
all other elements of the site. Seating 
elements include: 

1. Benches 

2. Stoops 

3. Ledges 

4. Seatwalls 

5. Steps 




Figure 510-12. Seating. 
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SHELTERS 



Shelters diversify the use of a site by 
accommodating elements that 
require weather protection, such as: 

1, Graphic displays 

2. TV Monitors 

Types of shelters range from very 
modest structures, such as picnic 
shelters, to very elaborate structures, 
such as bandstands. 



PROTOTYPE SHELTER COMPONENTS 



YAKIF.S 1 200-2 400 MIN. 



r. 



OPTIONAL 
GLAZED PANELS 




SUPPORT i , 

FOUNDATION » 



GENERIC EXAMPLES 

KIO&K SHELTER 






•j AWNING6 







i'[ h'r,:.i! * 







- 


1 





SITE OBJECTIVES 



Shelters provide: 

1. Protection against inclement 
weather. 

2. A focal point for site activities. 

3. Transitional areas between out- 
doors and indoors. 



CONTEXT 



Shelters are often major elements of 
a site. They can be used as a visual 
reference to the historical or cultural 
character of a place. The choice of an 
appropriate design idiom should 
reflect an understanding of the social 
and cultural forces that have given 
the place its unique identity. 

Because shelters often serve as focal 
points of a site, they should be: 

1. Readily visible 

2. Easily accessible 

3. Suited to take advantage of views. 

4. Sited adjacent to major pedestrian 
routes 




Figure 510-13. Shelter. 



Time-Saver Standards lor Landscape Architecture 



510-9 



CONVENIENCE ELEMENTS 



Convenience elements should be: 

1. Easily recognizable. 

2. Sited to reduce clutter, 

3. Placed to facilitate easy access. 

General zones are defined by access 
requirements. 



GENERIC EXAMPLES 



DRINKING FOUNTAINS 



MOUNTED 
FIXTURE 




CONTEXT 



Consolidation of various conve- 
nience elements into a single larger 
structure can enhance the visual 
character of a site and provide a 
readily identifiable feature within a 
busy streetscape. 

Convenience elements include: 

1. Newspaper vendors 

2. Telephones 

3. Information stands 
A. Mail deposit boxes 
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Figure 510-14. Convenience elements. 
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INFORMATION 



Outdoor information can be 
grouped into four categories: 
1) Directional; 2) Locational; 
3) Identification; A) Display 

The information should be format- 
ted and placed within easy view of 
either the pedestrian or the 
motorist. 

The primary mode of transportation, 
whether pedistrtan or vehicular, will 
determine the optimum location and 
size of signs. 



VIEWING ZONES 
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GENERIC EXAMPLES 
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CONTEXT 



Because of its brief viewing time, 
signage aimed at vehicular traffic 
requires an especially clear hierarchy 
of lettering. 

Sites such as industrial parks and 
suburban office centers, where circu- 
lation is exclusively vehicular, are 
places that require signage for: 

1. Identification of the area 

2. Directions within the compound 

3. Identification of individual facili- 
ties within the compound 




|fl Figure 510-15. Information. 



Time-Saver Standards tor Landscape Architecture 



510-11 



LIGHTING 



The height of light standards is the 
single factor that most directly deter- 
mines the quality of the light and the 
consequent ambience of the site. 
Exterior lighting can be generally 
categorized as: 

1. Decorative lighting 

2. Vehicular use lighting 

3. General site lighting 

4. Pedestrian use lighting 

5. Feature lighting 




GENERIC EXAMPLES 
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CONTEXT 



Lighting must be functionally appro- 
priate and properly scaled to both 
the pedestrian and the vehicular 
precincts of the site. For pedestrian 
area lighting, the light source should 
be relatively low to the ground in 
order to remain in scale with the 
human body and to provide light 
beneath the canopy of street trees. 
Uniform area illumination is not 
always desirable. 

Vehicular light standards on road- 
ways must have much greater height 
than those for pedestrians and must 
illuminate the road more uniformly. 
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Figure 510-16. Lighting. 
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GENERIC EXAMPLES 
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TRAFFIC CONTROL & 
PROTECTION 



Elements to warn both pedestrians 
and motorists include: paving material 
changes, bollards, and grade changes. 

Elements to restrict pedestrian entry 
include: railings, kick rails, walls, and 
hedges. 

Elements to restrict vehicular entry 
include: steep banks, planted areas, 
steps, and guard railings. 



CLEAR IDENTIFICATION 
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1^ Figure 510-17. Traffic control and protection. 
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SURFACE UTILITY ELEMENTS 



The urban floor contains underground 
utility systems and vault structures 
that often restrict the placement of 
site furniture features. 

Access to these utilities and structures 
is provided by means of metal covers 
and grates, which in themselves are a 
feature of the urban floor. 

Many utility fixtures, such as fire 
hydrants and traffic signalization con- 
trols, can be spatially constraining. 



PROTOTYPE ELEMENTS 



7 




TYPICAL SURFACE FEATURES 




SERVICE DOOK3. 
HATCHES 



FOUNTAINS 



TREE GRATES 




CONTEXT 



Ideally, the heavily used pedestrian 
core should be kept relatively free 
from utility covers. Where this is not 
possible, utility covers can be incor- 
porated as part of the total floor pat- 
tern. 

Gratings and cover plates are avail- 
able in many attractive patterns. The 
custom design of decorative covers 
can commemorate past events or 
themes that are of particular local sig- 
nificance. 




Figure 510-18. Utilities. 
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GENERIC EXAMPLES 



DECORATIONS/BANNERS 




rtNrs AND AWNINGS 



VENDING 




OUTDOOR FURNITURE PLANTERS 





SEASONAL ELEMENTS 



Seasonal elements can significantly 
enliven a place. Their appearance sig- 
nals an event. These elements include: 

1. Temporary structures 

2. Vending wagons 

3. Outdoor furniture 

4. Planting tubs 

Seasonal elements: 

1. Require a flexible site layout 

2. Work well when they augment 
established year-round facilities. 

3. Should be sited to conform to the 
basic circulation structure of the 
site 

4. Should be readily visible and acces- 
sible 
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Figure 510-19. Seasonal elements. 



SPECIAL FEATURES 



Special features are unique site ele- 
ments that can be used to commem- 
orate significant cultural and social 
events for the community. They pre- 
sent a unique opportunity for the 
designer to incorporate: 

1. Indigenous materials 

2. Local historical resources 

3. Local cultural resources 
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Figure 510-20. Special features. 
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1.0 INTRODUCTION 



The standards for recreational and ath- 
letic facilities in this section represent 
the state of the art as developed by 
agencies, organizations, manufacturers, 
and various interest groups. 

By definition, recreation represents any 
rational human activity that results in a 
pleasurable response, at any time, place or 
circumstance, with attendant enriching 
physical, intellectual, or emotional benefits, 
within the constraints of individual morality 
and/or social acceptability (Doell and 
Twardzik. Elements of Park and Recreation 
Administration). Participation in recreation- 
al and athletic activities involves virtually 
every age group and segment of society 
from children to senior citizens, including 
those who are infirm, incarcerated, or phys- 
ically and/or mentally handicapped. 
Physical activities go beyond exercise and 
athletic programs for youth and profession- 
al teams to embrace every interest, physical 
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stature, and level of skill. A vast, almost 
endless array of new activities, equipment, 
and instructional programs are constantly 
appearing, The designer now has the 
Internet as a resource for the most recent 
information regarding any sport or recre- 
ation activity or facility under considera- 
tion. 

1.1 Trends in Recreational 
Orientation 

In North America, there is an emphasis on 
development of city, county, state and 
regional parks Family-oriented activities 
within these facilities continue to be of 
prime importance. 

The introduction of new equipment and 
activities has resulted in a greater popular- 
ization of sports activities among all groups 
and ages. A 1997 study, Outdoor 
Recreation in the United States reported 
that in 1994-95, 94.5 percent of Americans 
participated in at least one of the surveyed 
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forms of outdoor recreation. This repre- 
sents 189 million participants nationwide 
Participation in at least one activity rose 
13.4 percent since 1982-83. Table 520-1 
shows the percentages of Americans who 
participated in outdoor recreation activities, 
common to two surveys, in 1982 and 
1994. 

1 .2 Standards 

The standards for recreational and athletic 
facilities are expressed in many ways. This 
section describes the design standards 
established for many activities. These stan- 
dards are compiled from numerous sources 
and range from rigid dimensions required 
for regulation play to suggestions derived 
from experience. Adherence to standards 
assures continuity of experience, regardless 
of location. Conversely, the designer needs 
to be sensitive to necessary adjustments in 
standards as demanded by the local condi- 
tions, budget, and client. 
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Table 520-1. POPULARITY OF OUTDOOR RECREATION ACTIVITIES. 



Bicycling 


56.5 


57.4 


+ 1.6 


Horseback Riding 


15.9 


14 3 


-10.1 


Calf 


23.0 


29.7 


+29.1 


Tennis 


30.0 


21 2 


-29 3 


Outdoor TeamSports 


42.4 


53.0 


+25.0 


Boating 


49.5 


58 1 


+ 17.4 


Sailing 


106 


96 


-94 


Motbrboating 


33 6 


47.0 


+39.9 


Water Skiing 


15.9 


17.9 


+ 12.6 


Swimming/pool 


76.0 


88.5 


+16.4 


Swimming/non-pool 


56.5 


78 1 


+38.2 


Fishing 


60.1 


57 8 


-3.8 


Hunting 


21.2 


18.6 


-12.3 


Hiking 


247 


47.8 


+93.5 


Walking 


93 6 


133 7 


+42.8 


Running/ logging 


45.9 


52.5 


+14 4 


Bird Watching 


21.2 


54.1 


+155 2 


Picnicking 


84.8 


98.3 


+ 15.9 


Sightseeing 


81.3 


113.4 


+39.5 


Off-Road Driving 


19.4 


279 


+43.8 


Ice Skating 


10.6 


10 5 


-09 


Downhill Skiing 


10.6 


168 


+58 5 


Cross-Country Skiing 


5.3 


6.5 


+22.6 


Snowmobiling 


5.3 


7 1 


+34.0 


Sledding 


17.7 


20.5 


+15.8 


Camping (overall) 


42.4 


52.8 


+245 


Developed Area 


30.0 


41.5 


+38.3 


Primitive Area 


17.7 


28.0 


+58 2 


Backpacking 


8.8 


15.2 


+72 7 


Attending a Sports Event 


70.7 


95.2 


+34.7 


Attending an Outdoor 
Concert or Play 


44.2 


68.4 


+54.7 



Source. Outdooi Recreation and WHdemBt Outdoor Recreation in the United Sta(« Results tmm the National Survey on 
Recreation jnd the Environment USDA foretl Service, April 1997 



1.3 General Concepts in Facility 
Design 

The purpose of this section is to provide 
standards for the development of outdoor 
recreational facilities. It is important to con- 
sider the following factors as they relate to 
all types of facilities. 

Safety and Security: 

User safety and security for each activity 
should be paramount concerns of the 



designer and administrator. Ultimately, user 
satisfaction with a facility is related to how 
safe and secure the users feel. Strategies for 
discouraging vandalism and increasing 
security must be incorporated into the 
planning, design, construction, operation, 
and maintenance of a facility. 

Provision for Elderly and Handicapped 
Users: 

Any persons with temporary or permanent 
limitations of their motor activity or sense 



perceptions should be able to gain access to 
recreational facilities The primary concerns 
of the designer with regard to handicapped 
users are access, mobility, and safety. 
Information on compliance with the 
Americans With Disabilities Act is available 
from the Board of Architecture Compliance, 
the U.S. Department of Justice and the 
National Park Service (Refer to Section 240: 
Outdoor Accessibility for more informa- 
tion.) 

The References at the end of this section 
provide more detailed information on the 
design of specialized recreational facilities. 

Maintenance, Operations and 
Inspections: 

The daily operations and maintenance of 
facilities are critical to user satisfaction. The 
maintenance administration can be central- 
ized or decentralized, depending upon the 
size, character, location, and use level of 
the facilities. 

Maintenance facilities usually include: 
administrative headquarters, shop and cov- 
ered storage, open-air or bulk storage, 
garage and/or service parking, and some- 
times greenhouses and nursery space. 
These areas are best located out of view 
but should remain easily accessible by 
motor vehicles. Operations facilities may in 
some instances have an interpretive and/or 
educational value, as for example the 
kitchen and veterinary facilities in a zoo. In 
this case, controlled public access may be 
sought or at least permitted. 

Inspections may be made on a frequent 
basis (up to four times a year) depending 
on the type of facility, nature of use, and 
local, state, or federal regulatory or insur- 
ance carrier requirements. Items such as 
playground equipment, tennis courts, bicy- 
cle trails and paths, or mechanical equip- 
ment should be inspected on a frequent 
basis. 

Parking: 

Standards for parking vary with each type 
of activity. In North America it is common 
practice to provide one parking space for 
every three users. Parking areas for facilities 
that sometimes attract large crowds, such 
as schools, sports complexes, and sports 
stadiums can also be served by more flexi- 
ble arrangements. An overflow parking lot 
can be designed to accommodate other 
activities, such as basketball or tennis, 
when parking demand is low. Large parking 
lots however increase maintenance costs 
along with increased liability when large 
expanses of pavement are used as tempo- 
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Figure 520-1. Major types of signs. 



Figure 520-2. Badminton. 
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Figure 520-3. Handball/racquetball. 



rary multiple use courts. Increasing use of 
parking lots for roller hockey raises mainte- 
nance and liability concerns. 

Signage: 

Signage should be coordinated to provide 
essential information within a consistent 
graphic framework. As illustrated by Figure 
520-1 , there are four categories of signs: 

1. Informational: these signs contain 
graphic and/or written information 
intended to enhance the use and 
enjoyment of a site. 

2. Identification: these signs are used for 
entrances and identifying individual 
facilities. 

3. Directional: these signs channel the 
flow of visitors/ users. They should be 
simple and should be placed in loca- 
tions appropriate to the speed of the 
user. 

4. Regulatory: these include speed limits, 
prohibited behaviors, and other rules 
as needed. This information should be 
presented in a positive way. 



2.0 COURT GAMES 



2.1 General 

Court games are sports played primarily on 
hard surfaces rather than on turf. The stan- 
dards for courts vary, depending on 
whether competition is under the auspices 
of international, national, collegiate, or 
high school societies. The organizations 
referred to most extensively in this section 
are the National Federation of State High 
School Athletic Associations, the 
International Amateur Athletic Federation 
(IAAF) and the National Collegiate Athletic 
Association (NCAA). For competition-qual- 
ity court design, contact the organization 
setting the rules and standards. Major 
organizations in the United States are listed 
at the end of this section under Recreation 
and Sports Organizations. 

2.2 Basic Dimensions 

Some facilities are provided primarily for 
popular enjoyment; therefore, their dimen- 
sions can be changed to fit the site, client, 
and/or budget. The standards shown in 
Figures 520-2 through 520-10 and Table 
520-2 should therefore be considered 
desirable rather than mandatory. 



3.0 FIELD SPORTS 



Field sports include any activities played, 
preferably, on soft (turf) surfaces. As dis- 
cussed for court games, the standards 
given here for field sports are to be consid- 
ered desirable. Dimensions for competition 
quality fields should be verified with the 
governing organization. In some cases 
(soccer, for instance, where precise stan- 
dards have not been established) a range of 
dimensions is shown. Adequate surface and 
subsurface drainage is very important. The 
type of turf used should be sturdy and non- 
stoloniferous if shoes with cleats are to be 
used. Where temporary bleachers are to be 
used, allow a width of 18 000-27 000 mm 
(60-90 ft) between the sidelines and the 
playing fields (Figure 520-11 and Table 
520-3). 



4.0 TRACK AND FIELD 



4.1 General 

The design of combined track and field 
facilities depends upon the age group and 
class of athletes using the facilities. There 
are few specifics in terms of overall track 
and field layouts. The dimensions and spec- 
ifications presented here (Figures 520-12 
through 520-32) are only guidelines and 
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Figure S20-4. Basketball. 
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Figure 520-5. Volleyball. 
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TENNIS NOTES. 
TENNIS COURTS ARE OFTEN 
CONSTRUCTED IN BANKS OF 
610mm. (2ft* ). ALLOWS 046mm 
(10ft) BETWEEN COURTS. 
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BATTERIES OF COURTS NOT 
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POLES DEPENDS ON TYPE AND 
SIZE OF LIGHT SOURCE. 
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Figure 520-6. Tennis and Platform tennis. 



Figure 520-7. Shuffleboard. 
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Figure 520-8. Paddle tennis. 
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Figure 520-9. Deck tennis. 



Figure 520-10. Coal-in. 



should be checked against the standards 
established by the appropriate governing 
organization. 

4.2 Basic Dimensions 

According to the standards published in the 
United States by the NCAA, a champi- 
onship track shall be at least 400 m (440 
yds) in length, with uniform straights and 
curves. The track width should be a mini- 
mum of six lanes, although tracks for large 
meets often have eight lanes, and a few 
tracks have more. The lane width varies 
from 900 to 1 200 mm (36 to 48 in). Many 
high schools have 900 mm (36 in) lanes, 
especially for practice tracks. On world 
class tracks, 1 200 mm (48 in) lanes are 
preferred, but the most common lane 
width is 1 050 mm (42 in). 

4.3 Orientation 

Orientation is not as vital a concern in track 
layout as it is for field events. A north-south 
orientation along the length of the straight- 
way is preferred. Factors such as space con- 
straints, grading, and prevailing winds 
often alter the orientation slightly. 

4.4 Grading Requirements 

Longitudinal slopes for tracks, runways, 
and landing areas for field events should 
not exceed a maximum of 0.1 percent 
(1:1000), Cross slopes should be no more 
than 1 percent (1:100) or, for high schools, 
2 percent (2:100). The slope should be 
pitched toward the inside of the track. 




ft 



•HOGBACK" 



TV 





11 IK Ti. I. r*.l. f 



Figure 520-11. Drainage alternatives for fields. 



Within the circles for throwing events there 
should be a slope of no more than 1 per- 
cent (1:1000) in the throwing direction. 

4.5 Construction Materials 

Tracks should be constructed of materials 
that will create a uniform, smooth, safe, 
and comfortable running surface. 
Construction methods tend to vary accord- 
ing to local construction practices and in 
response to specific soil conditions 



4.6 Typical Synthetic Track 
Construction 

Inside Curb: 

Both the NCAA and the IAFF require a curb 
50 mm (2 in) high along the inner edge of 
an oval track. The allowable minimum curb 
width is 50 mm (2 in) for the IAFF and 150 
mm (6 in) for the NCAA. Often, a remov- 
able aluminum curb is used; American and 



1 . According to the standards published in the United States by the NCAA, a champi- 
onship track shall be at least 400 m (440 yds) in length with six to eight lanes at 
900-1 200 mm (36-48 in) in width 

2. Longitudinal slopes for tracks, runways, and landing areas for field events should not 
exceed a maximum of 1 percent (1:1000) Cross slopes should be no more than 1 
percent (1:100) or, for high schools, 2 percent (2:100). 

3 Both the NCAA and the IAFF require a curb 50 mm (2 in) high along the inner edge 
of an oval track. American and world records will not be accepted without this inside 
curb. 
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Table 520-2. COURT GAMES 



Use area r 
including 



Surface 



Badminton 

Doubles 



Singles 

Basketball 

High schonl 

College 

International 
Goal-hi 



Handball 

One wall 



1 500 mm (5 ft) 
dear iones tietwer 
courts and at end 

Same as doubles 



34 200 X 21 000 mm 
(114X70 ft) 

18 m X 30 m 

18 000 X 18 000 mm to 
24 000 X 24 000 mm 
(60 X 60 ft to 
80 X 80 ft) 



10 200 X 6 000 X 
4 800 mm 
(34 X 20 X 
16 ft) high 



Three or four walls 12 000 X 6 000 X 
6 000 mm 
(40 X 20 X 20 ft) h 



ftacquetball 
Shuffleboard 



Tennis 



Deck 



Kuril..- 



Platform 



Volleyball 



Same as handball 

15 600 X 3 000 mm 
(52 X 10 ft). 
including 1 200 mm 
(4 ft) between courts 

18 000 X 36 000 mm 
(60 X 120 ft) 
for one doubles court. 
Multiples can be designed 
With 3 000 to 3 600 mm 
(10 to 12 ft) between courts 



7 800X 15 000 mm 
(26 x 50 ft) (doubles) 
(needs a 3 000 mm (10 ft) 
fence I 

11 100 X 24 000 mm 
(37 X 80 ft) [needs 
an 2 400 mm (8 ft) 
fence! 

9 000X 18 000 mm 

(30 X 60 ft) [needs 

a 3 600 mm (12 ft) fence) 



15 000 X 24 000 mm 
(50 x 80 ft) preferred; 
(42 X 72 ft) OK 



6 096X 13 411 2 mm 
(20 X 44 ft) 



5 1B1.6 X 13 411.2 mm 
(17X44 It) 



25 60 J 2 X 15 ?40 mm 
(84 X 50 ft) 



28 651 2 X 15 240 mm 
(94 X 50 ft) 

14 000 X 26 000 mm 

Circle— 12 000 to 18 000 r 
(40 to 60 ft) in diameter 



10 363 2 X 6 096X4 876 8 
(34X20X 16 ft) high 



12 192 X 6 096 X 6 096 mm 
(40 X 20 X 20 ft) high 



15 849 6 X 1 828.8 mm 
(52 X 6 ft) 



10 972.8 X 23 774.4 mm 
(36 X 78 ft) 



5 486.4 X 12 192 mm 
(18X40 ft) 



6 096X 15 240 mm 
(20 X 50 ft) 



6 096 X 13 411.2 mm 
(20 X 44 ft) 



9 144 X 18 288 mm 
(30 X 60 ft) 



Competition play is 
usually indoors. 
Outdoor courts long 
axis north-south 



North-south 



(Same) 

(Same) 
Optional 



Can be added to 
exteriors of gym or may 
be free standing 



Competition play 
normally indoors 



Long axis north-south 



Long axis north-south is ; 
OK long axis 22 degrees 
west of north and east 
of south is better in 
southern latitudes 



Long axis north-south 



Long axis north-south. 



Long axis north-south 



Long axis north-south. 



Any hard surface or 
turf: drain as in tennis. 



(Same) 



Concrete, drain end to 
end at 25 mm per 3 m 
(1 in per 10 ft) 

(Same) 



(Same) 

Asphalt or synthetic; 
drain to edges 



Any hard surface; 
drain from front to rear 



(Same) 



Hard/smooth concrete 
without expansion joints 
Alley depressed and 
drained with catch basins. 

Many, including concrete, 
clay, asphalt, and turf. 
Drain side to side (preferred) 
or end to end at 0.8 to 1 % 
(nonporous) or 003 
to 004% (porous) 
Never allow high point at net 

Asphalt or concrete; drain 
side to side at 25 mm 
per 3 m (1 in per 10 ft) 

Same as deck tennis 



Raised ievel wood or aluminum 
platform, 5 mm (1/4 in) 
spacing between 150 mm 
(6 In) decking 

Asphalt, sand, clay mix. turf 
(ropes are used for marking 
sand and turf); drain 
at 25 mm per 3 m 
(1 in per 10 ft) 



' All to.ivrrsiora, Lo metre, art exact 
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I— 48 768 « 109 728 (lBC » 36C) - FOOTBALL (INCLUDES ENDZ0NE5) 



NOTE- 



ALL MEASUREMENTS ARE 
MINIMUMS • SEE TEXT 
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Figure 520-12. Comparative field sizes of common field sports. 
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Figure 520-13. Typical field 
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Figure 520-14. Horseshoes. 
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Figure 520-15. Quoits. 



world records will not be accepted without 
this inside curb. 

Field Events: 

Field events may be located on the interior 
of the track to conserve space. Throwing 
events may be moved outside the track to 
allow for a warm-up area, to accommodate 
a football field, or to provide for additional 
safety. 

There is no prescribed arrangement for 
the various facilities. They should be 
arranged to reflect the opportunities and 
constraints created by soil conditions, pre- 
vailing winds, and safety considerations. 
Sample arrangements are shown in Figure 
520-32 



5.0 MULTIPURPOSE ATHLETIC 
FIELD COMPLEXES 



5.1 General 

Athletic complexes can take the form of 
clover leafs, or fourplexes, where the home 
plates of the ball diamonds (softball/base- 
ball) are near a central core and 
football/soccer fields overlap the outfields, 
as shown in Figure 520-34. Storage, con- 
cession stands, locker rooms and restrooms 
are often located under the bleacher areas. 

Advantages of Multipurpose Complexes: 

The advantages of multipurpose complexes 
include common use of the same parking 
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Figure 520-16. Roque/c roquet. 



Figure 520-17. Cricket pitch. 



Figure 520-18. Bocce. 
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520-19. Lawn bowling. 
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Figure 520-20. Typical track sections. 
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Figure 520-21. Basic layout: 400-meter track. 
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l|> Figure 520-22. Javelin. Figure 520-24. Discus. Figure 520-26. High jump. 
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Table S20-3. FIELD SPORTS 



Bocce 5.7 to 7.7 m X 24.6-30.3 m 

(19 to 25 ft 6 in X 
82-101 ft) 

Bowling (lawn) 39 X 39 m ( 1 30 X 1 30 ft) 



Size varies, but area 
generally oval with no 
part of boundary closer 
than 70 m (75 yds) to pitch 

3.5 X 22.5 m (45 X 75 ft) 



Identical to soccer field 



Cricket 



Croquet 



Fieldball 

Field hockey 
Women 



Men 



Flag or touch 40 X 95 m (44 X 1 CM yds) 
football 



Football Minimum 51.6 X 

111 6 m (172 X 372 ft) 



Horseshoes 6 X 2 1 m (20 X 70 ft) 



Lacrosse 
Women 



Men 



Polo 



Quoits 



Rogue 



60 X 105 m (200 X 
350 ft) with fence, 
66X111 m(220X 
370 ft) without fence 

Play area includes 
safety area 



Allow 1 500-3 000 mm 
(5-10 ft) at side and back 
boundaries 

120 X 210 m (40X70 ft) 



Rugby 
(League- 
professional) 



(union-amateur) 



Soccer 



Speed ball 
Women 



Men 



9 m (10 yds) Dn all sides 
free of obstructions 



Playing 

3 962.4 to 5 791 .2 mm X 

23 400-27 600 mm 

[13 to 19 ft 6 in X 78-92 ft) 

5 791.2 to 6 400.8 mm X 
36 576 mm 

No official size 
for field, but pitch is 
20 116.8 X 3 048 mm 
(66 X 10 ft) 

12 192 X 21 336 mm 
(40 X 70 ft) (smaller size 
is appropriate for 
nonregulation play) 

Identical to soccer field 



91 440X45 720 mm 
(300 X 150 ft) 

91 440 X 54 864 mm 
(300 X 180 ft) 

12 192X30 480 mm 
(40 X 100 yds) 
[includes two 9 m 
(10 yd) end zones] 

48 768 X 109 728 mm 
(160 X 360 ft) 
[including two 9 m 
(10 yd) end zones] 

3 048 X 15 240 mm 
(10X50 ft) 

Boundanes set by referee; 
minimum width 45 720 mm 
(150 ft). length 109 728- 
124 968 mm (360-410 ft) 

Prefer 54 864 X 100 584 
mm [180X330 ft), but can 
be played on football field 



91 440 X 48 768 mm 
(300 X 160 yds) if boarded; 
91 440 X 60 960 mm 
(300 X 200 yds) if not 
-3 000 mm 

16 459.2-21 945 6 mm X 
-3 000 mm 
(54-72 ft X -10 ft) 

9 144X18 288 mm 
(30 X 60 ft) 

100 6 X 54.9 m 
(110X60 yds) 
plus 5 5-11 m 
(6-12 yds) at 
each end for ingoal 



(110X60 yds) plus 22 8 m 
(25 yds) at each end for ingoal 

50-70 mX 90-110 mX 100 
-120 yds) 68 58 X 109 73 m 
(75 X 120 yds) for 
championship 



54 86 X 91 44 m 
(60 X 100 yds) 

48.77 X 109.73 m 
(53 1/3 X 120 yds) 



North south preferred 
but not critical 



Drain in any 
direction at 1% 



250 to 300 mm wooden 
boards used at end 
and side as backstops 



(19 to 21 ft X 
120 ft) alleys 



Dead level- 
use underdrainaKi- 



Alleys grouped in 
banks of six 



Onent so that 
bleachers do not 
face sun 



Drain as in A*" at 

a maximum slope of 2% 



Identical to soccer field Identical to soccer field Identical to soccer field 

Same as football Same as football 

Same as football Same as football 

Same as football Same as football 



Long axis, northwest 
to southeast, or 
north-south for 
longer season 

Long axis, north -south 



Same as football 



Same as football 



Same as horseshoes 

Same as croquet 
Same as football 

100.6 X 54.9 m 



North-south, except 
south of 38th parallel 
where long axis may 
approach 20 degrees 
west of north 



Same as football 



Same as football 
Same as football 



Drain as in A. 8 oi C " 
are permitted but 
not preferred, provide 
adequate underdrainage 

Drain as in "A": two end 

pegs must have idenbeal elevation 

Same as football 



Same as football 
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Same as horseshoes 



Dead level; use 
underground drainage 

Same as football 



Same as football 
Same as football 

Same as football 
Same as football 



CD 

Surface is packed earth — 

°8 



Same as football 



There are no official 
standards for soccer 
size vanes even among 
Olympic sites 
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•When not speafied. no standard exists 9 m (10 yds) Is. recommended on all sides 

••SeeFi/jurf 520-11 

• • • All conveniens to metric are exacl 
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Figure 520-27. Pole vault. 
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Figure 520-28. Long jump. 
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Figure 520-29. Triple jump. 
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lot for separate sports, the same irrigation 
and lighting systems, and use of single 
rather than separate tracts of land. 
Restrooms, concessions, and other com- 
mon support facilities are concentrated for 
more cost-effective maintenance. A cen- 
tralized administration can help to schedule 
league and tournament play. 

Disadvantages of Multipurpose 
Complexes: 

The disadvantages of multipurpose com- 
plexes are the amount of traffic, noise, and 
glare from night lighting that may disturb 
nearby residential areas. Other disadvan- 
tages include the need for portable outfield 
fences during championship or tournament 
ball games and for portable goals during 
football or soccer play. Also, a greater 
potential exists for scheduling conflicts 
when all four sports have demands during 
overlapping seasons. Furthermore, not all 
fields will enjoy optimum orientation. 

The parking requirements for a fourplex 
complex (as shown in Figure 520-34) when 
games are closely scheduled is approxi- 
mately 250 cars. 

5.2 Design Considerations 

Ball fields need adequate separation to 
minimize hazards from foul balls and to 
reduce noise and confusion. An optimum 
distance between the foul lines of adjacent 
ball diamonds is 36 to 42 m (120 to 140 ft). 



A complex capable of accommodating four 
diamonds, each with 90 m (300 ft) long 
foul lines, will occupy a space approximate- 
ly 240 m X 240 m (800 ft X 800 ft) With 
the addition of parking and buffer areas, 
the complex will occupy approximately 7 to 
8 hectares (18 to 20 acres) of relatively 
level land and more if sited on sloping land. 
Figures 520-33 through 520-35 show two 
basic grading concepts that can be used in 
this type of complex. The first concept uses 
a high spot at the center with water drain- 
ing off toward all edges, and the other calls 
for a plane with a uniform slope across the 
complex. As always, local site conditions 
will dictate the final solution. 



6.0 WATER-BASED FACILITIES 



6.1 Docks 

Two courtesy docks are needed for each 
launching facility (Figure 520-36). The min- 
imum width of all docks is 1 800 mm (6 ft). 
Finger walkways between slips can be as 
narrow as 750 mm (2 1/2 ft) if they are less 
than 6 000 mm (20 ft) long. Floating docks 
are preferred to stationary ones when the 
water height fluctuates more than 450 mm 
(18 in). At least one comfort station should 
be located within 120 m (400 ft) of the 
dock. Fire codes relating to dock areas 
should be consulted. 

A service dock or float is necessary to 
supply fuel to outgoing boats. Locate fuel 




Figure 520-30. Water jump. 

storage tanks underground and above the 
high-water line as specified by local and 
National Fire Protection Association (NFPA) 
codes. Dumps, comfort stations, and other 
permanent structures should also be con- 
structed above the 100-year flood line or 
should be flood proofed. 

6.2 Launch Facilities 

Launch lanes should be at least 4 500 mm 
(15 ft) wide in a multiple-lane facility and 
5 400 mm (18 ft) wide in a single-lane facil- 
ity (See Figure 540-37). The prepared sur- 
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Figure 520-31. Combined long jump, triple jump, and pole vault. 




face should be finished with a cross-scored 
pattern. The ramp grade should be no 
steeper than 12 to 15 percent. The lowest 
end of the ramp should extend into the 
water to a point where it will be at least 
1 200 mm (4 ft) below the lowest water 
elevation in order to protect the base of the 
ramp from wave action. The backing dis- 
tance of a vehicle should be limited to 60 m 
(200 ft). The maneuvering area on land 
should be at least 24 m (80 ft), and prefer- 
ably 30 m (100 ft), in diameter. In northern 
climates, direction of ice flows in the spring 
of the year should be considered when ori- 
enting launch facilities. 

6.3 Swimming Beaches 

General: 

Good swimming beaches should be pro- 
tected from boats, fuel spillage and organ- 
ic pollutants, and water should circulate 
through the area. Ideally, the beach should 
face the full or at least the afternoon sun. It 
should have a cross-sectional slope of 4 to 
10 percent (based upon local health codes) 



and consist of sand or a soil mixture having 
sandy qualities. 

Spatial Standards: 

Lookout towers should be provided every 
90 m (300 ft). A swimming area of 4.6 m J 
(50 ft' ) should be allowed for each bather. 
Ladders should be provided on all docks 
within and adjacent to swim areas. Docks 
should be a minimum of 450 mm (18 in) 
above water level (Figure 520-38). 

The slope of the beach toward the water 
should be a minimum of 2% and a maxi- 
mum of 5%. The slope under water should 
range from 7% to 10%, be free from rocks, 
and have no sudden changes in elevation 
or deep holes in the swimming area. 

During average periods of use, approxi- 
mately 70% of beach users will be on the 
beach, with the remaining 30% in the 
water (Figure 320-38). 



6.4 Swimming Pools 

General: 

Swimming pools can be made in a variety 
of shapes, from free-form to T or L shapes, 
but the basic design of all public and semi- 
public pools should be checked against 
local health codes. 

Spatial Standards: 

The following standards are considered 
typical for swimming pools: 

1 . Recreational pools are sized to allow 1 
rrV (10 ft J ) of water surface for every 
wader or nonswimmer expected, and 
2.5 m- (27 ft J ) of surface for every 
swimmer. 

2. The area for nonswimmers should be 
less than 1 500 mm (5 ft) deep. 

3 Many public pools have 80 percent of 
the water area devoted to nonswim- 
mers (Figure 520-39). 
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Figure 520-33. Softball/baseball layout. 
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Figure 520-34. Schematic sports complex. 



4. An extra 28 m- (300 ft-) should be 
added for each diving board. 

5. Twenty-five yards (75 ft 1-7.- in to 
accommodate timing equipment) is 
the minimum length tor interscholas- 
tic or intercollegiate competition in 
the United States. International com- 
petition requires a 50-m length pool 

6. Lanes should be 2 100 mm (7 ft) wide 
between the center lines, marked 
with lane stripes 250 mm (10 in) 
wide. Add 450 mm (18 in) to each of 
the outside lanes. 

7. The deck space around recreational 
pools should be at least equal to the 
water surface because generally only 
one-third of the swimmers will be in 
the pool at any one time. A 3:1 to 4:1 
ratio between deck and water surface 
provides the most functional arrange- 
ment. 

8. Official standards for water polo 
depend on the standard-setting 
agency (Figure 520-40). 



Wading Pools: 

Wading pools can be placed in the same 
complex as competition -size pools, but 
they should be separated and fenced for 
safety. Fountains or sprays can be added. If 
facility is outdoors, shaded seating should 
be provided for parents or other supervi- 
sors. 

6.5 Fishing 

Fishing takes place in ponds, lakes, streams 
and wetlands. Water depth, temperature, 
chemistry and biotic composition combine 
to influence the fisheries within a particular 
body of water. The following guidelines 
highlight some key concerns when estab- 
lishing a natural or constructed fishing 
pond 



1 . A surface area of 0.4 ha (1 acre) is 
sufficient; a commercial sporting 
operation can be maintained if the 
surface area is at least 4 ha (10 acres). 

2. 1 800 mm (6 ft) is a good average 
depth. Areas less than 900 mm (3 ft) 
deep will encourage the growth of 
aquatic plants. These plants are con- 




Figure 520-35. Baseball/football 
complex (baseball primary). 

sidered undesirable because they pro- 
vide breeding and protection areas for 
some smaller species of fish, which 
may lead to overcrowding for the 
desired species. 

3. Depths should be increased in arid 
areas where evaporation is a problem 
or in areas where ice forms. 

4 The water supply should have a low 
amount of silt. If drainpipes are 
installed, they should be wide enough 
to allow the fish to pass through 
unharmed. 

5. For casting, allow 1 800 mm (6 ft) 
between each person fishing. Along 
some areas of the shoreline, allow at 
least 1 800 mm (6 ft) of unobstructed 
space between the water edge and 
any dense vegetation. 

6. A gently sloping shoreline is the least 
prone to erosion and the safest for 
those fishing. 

7. An access point for a truck is neces- 
sary for the stocking and fertilization 
of a fishing pond. 

8. Fishing ponds which attract the great- 
est number of young children and 
non-swimmers should include rescue 
equipment such as throw-rings and 
reaching poles. 

6.6 Accessible Swimming, Fishing, 
and Boating 

More complete and comprehensive infor- 
mation on the design of water-based facili- 
ties for accessiblity is found in Section 240: 
Outdoor Accessibility 
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Swimming Pools: 

Swimming pools need entry ramps at a 
slope of 1:12 or less. Two handrails 750 to 
900 mm (2 1/2 to 3 ft) high and 900 mm 
(3 ft) apart should be provided In a natur- 
al setting, provide a paved (or at least a sta- 
bilized) surface between the bathhouse and 
the water, 

Beaches: 

At beaches, the path should terminate in a 
1 800 X 1 800 mm (6 X 6 ft) paved area 
and should provide a handrail approxi- 
mately 800 mm (32 in) high that extends 
into the water to a depth of 750 mm (2 1/2 
ft). The beach gradient should be no steep- 
er than 1:12. 

Fishing and Boating: 

Docks provide access to boating and fishing 
for those who are handicapped. These 
docks should be at least 2 400 mm (8 ft) 
wide, with the boards laid perpendicular to 
the direction of travel and with the open 
joints no greater than 10 mm (1/2 in) wide 
At least one side of the dock should have a 
railing that will support a 136 kg (300 lb) 
individual during loading and unloading. 
Fishing rails should have a shelf for bait and 
tackle that is 200 to 300 mm (8 to 12 in) 
wide and 750 mm (30 in) above the dock 
surface. The top rail should be 900 mm (36 
in) high and slope at 30 degrees toward the 
user as an arm-and-pole rest. Provide a kick 
plate to prevent wheelchair foot pedals 
from going off piers. Segments of the dock 
or pier should have a roof or shaded area 
that is fully accessible. 

6.7 Water-skiing 

The lake size should be 3.25 to 6 ha (8 to 
1 5 acres) per boat. The higher figure should 
be used where considerable powerboat 
traffic is anticipated. If many boats are 
involved, a proportionate number of piers, 
docks, etc. should be added. 

6.8 Crew 

International crew races are set at 2 000, 
1500, and 1000 m and require at least an 
additional 250 m (820 ft) distance beyond 
the finish line. Races require a water body 
with no moving water, no bridges, and no 
prevailing erosswinds A uniform depth of 
at least 3 000 mm (10 ft) is required. The 
course consists of six parallel lanes and one 
return lane, each a minimum of 12.5 m (41 
ft) wide. Although natural areas such as 
rivers have been used, recent Olympic 
races have been held In artificial ponds. 
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Figure 520-36. Schematic marina layout. 
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Figure 520-37. Boat launch/parking diagram. 




Figure 520-38. Schematic diagram and section for freshwater swimming. 
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Figure 520-39. Schematic pool section. 
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7.0 WINTER SPORTS ACTIVITIES 



7.1 Snowmobiling 

Snowmobiles are often used on terrain and 
trail systems such as existing snow-covered 
fire lanes, trails, and rural roads extending 
out from a central lodge facility (Figure 
520-41). Snowmobiles are usually consid- 
ered incompatible with most forms of non- 
motorized winter recreation, such as sking 
and snow shoeing. Grades in excess of 12 
percent, as well as trails cut into steep side 
slopes, should be avoided Ice-covered 
lakes and ponds are often traversed. 

Snowmobiling is often a group sport. 
Groups gather to race and tour. Racing 
facilities include tracks, generally 1.6 to 3.3 
km (1 to 2 mi) in length over wooded ter- 
rain, and sprints — 45 to 800 m (50 yd to 
1/2 mi) strips with a run-out of approxi- 
mately 100 m (1/16 mi). Cross-country 
races and tours may involve several hun- 
dred participants racing against a clock and 
are generally 40 to 160 km (25 to 100 mi) 
in length Starting areas need to be large 
enough to accommodate the potentially 
large number of entrants; an open meadow 
is often used. Snowmobile trails are often 
based on a time and distance cycle. 

7.2 Cross- Country (Nordic) Skiing 

The design of cross-country facilities should 
reflect the skier's desire to be isolated from 
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Figure 520-40. Water polo. 



other activities, and it should include the 
following: 

1 . Adequate separation from such con- 
flicting uses as snowmobiling and 
downhill (alpine) skiing 

2. Passage over a variety of terrains, 
from flat open meadows to steeper 
grades 

3. Relative safety from risk of avalanche 
(see Section 253: NaturaJ Hazards: 
Landslides and Snow Avalanches) 

7.3 Downhill (Alpine) Skiing 

General: 

Precise design criteria and standards for 
downhill ski areas cannot be established 
because each development is influenced by 
the opportunities afforded by (1) the site 
and its topography and (2) the characteris- 
tics of the targeted market area. Ski slopes 
are usually designated as novice, intermedi- 
ate and advanced. Computer simulations 
are often used to model the proposed 
development of ski areas and to blend the 
ski trails with the pre-existing visual ele- 
ments of the terrain. 

The following slope percentages are 
based on difficulty: 



Novice 

Intermediate 

Advanced 



5-20% slope 

21-35% slope 

36 % and above slope 



Major Considerations: 

Major considerations in the planning and 
design of downhill skiing facilities include 
the following: 




MAJOR ACCESS 



Figure 520-41. 
sports area. 



Schematic 



1 . Environmental protection and man- 
agement should be the major consid- 
eration in the planning, design, con- 
struction, and operation of the facility. 
Fragile mountain ecosystems can be 
impacted adversely by poorly planned 
ski developments. Because ski areas 
are often at the headwaters of a 
watershed, they generally have thin 
soil layers, short growing seasons, and 
a high degree of off-site visibility. 

2. Facilities such as water tanks (with 
their distribution lines) and sanitary 
facilities (with their pipelines) should 
be located away from the trails and 
out of view of skiers. If feasible, utili- 
ties should be installed during the first 
phase at the ultimate size and capaci- 
ty required. 

3. Existing and potential wind patterns 
should be analyzed before locating 
runs, particularly runs through dense 
timber. Adverse wind patterns can 
cause a slowdown or stoppage of lifts, 
can scour snow from previously well- 
packed slopes, and can decrease com- 
fort and safety. Timber is best cleared 
in small increments, with a constant 
evaluation of changes in wind pat- 
tern. Leave the edges of timber lines 
feathered to appear more natural and 
to reduce abrupt changes in wind pat- 
terns. 

4. Avoid areas that are avalanche-prone, 
since the prediction and prevention of 
avalanches is not a reliable science. 

5. North facing slopes are preferred 
because they allow a longer skiing 
season. 




Figure 520-42. Ice hockey. 
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6. Surface drainage should not be direct- 
ed across the slopes but into channels 
away from them in order to avoid the 
problems of icing and melting snow 

7. If steep slopes separate the base from 
the more gentle slopes, a second base 
or staging area may be desired. Also, 
multiple bases can reduce congestion 
around the lodge and excessive wear 
on the snow. 

8. Roads should be as narrow as possi- 
ble. They should switch back only 
where skiing will not occur, and divert 
runoff water to buried culverts rather 
than ditches when control is neces- 
sary. If feasible, all roads for the final 
development should be planned and 
constructed during the first phase. 

7.4 Ice Skating 

Competition hockey generally takes place 
on an indoor rink (Figure 540-42). Free 
skating can be done indoors or outdoors, it 
requires a solid ice surface and a space rel- 
atively free from obstructions. Natural ice is 
normally swept regularly to remove leaves 
and other obstructions Low walls or rail- 
ings are optional but do offer support for 
the beginner and a container for ice made 
by flooding. The size of the area depends 
on the type of sport to be played on the 
surface. Speed skating is done normally on 



a race track but can be done more infor- 
mally on a long stretch of frozen river. 
European-style tracks are 400 m (437 yd) in 
length and double-laned. Each lane is 5 m 
(5-1/2 yd) wide. Curling is a sport played 
on an ice-surfaced court (Figure 540-43). 

7.5 Ice Boating 

Ice boating takes place on frozen lakes or 
rivers. Race courses can be 19 km (12 mi) 
or more long and should meet the require- 
ments for sailing both with and into the 
wind. 
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7.6 Toboggan, Sledding and Tubing 

Careful thought should be given to the 
design of winter hills. It is best to separate 
sledding runs for each of the above uses. 
Exposure is best facing North to North- 
East. The shade from the hill will protect the 
snow later in the season. Slopes on the hill 
can follow the same slope recommenda- 
tions as skiing (7.3: Downhill Sking), 

Grading of sledding runs should natural- 
ly move the participant away from steps, 
railings, trees, water concentrations and 
drop-offs. Caution should be used when 
overlapping the run with other circulation 
corridors such as paths and seasonal roads 

7.7 Bobsled and Luge 

Bobsled and luge courses are highly site- 
specific and are generally associated with 
Winter Olympic sites. A course is typically 
1000 m in length, and contains both sharp 
and gentle curves. The average gradient is 
about 11 percent (a range of 8-1/2 to 15 
percent is common). Straight-aways should 
be 2 m wide and curves should be 3 to 6 m 
wide; when banked perpendicularly, curves 
can be as much as 9 m wide. Banked walls 
are plastered with an ice-snow mixture and 
may even be finished with a template to 
meet precise engineering specifications. 
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Figure 520-43. Curling. 
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Figure 520-44. 
arrangements. 



Typical golf course Figure 520-45. Typical golf hole. 
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Figure 520-46. Schematic riding stable layout. 



8.0 SPECIAL COURSES AND 
AREAS 



8.1 Golf 

Golf course design is too complex to be 
fully detailed in this section, however, some 
of the major considerations and variations 
are summarized below. 

The Site: 

Gently rolling terrain provides for a course 
that is both better for play and more visu- 
ally interesting. Positive drainage is essen- 
tial, and therefore sandy soils are preferred 
High-quality water is required for irrigation 
at rates of approximately 50 mm (2 in) per 
week for greens and tees, and 25 to 38 mm 
(1 to 1-1/2 in) per week for fairways, the 
latter depending on the geographic region. 
Visual connections between tees, landing 
areas and greens are essential 

Although streams, lakes and ponds are 
desirable in the development of a golf 
course, wetlands if present must be pro- 
tected and mitigated if modified. 

The Course- 
Regulation 18-hole courses have pars rang- 
ing from 68 to 72. Par for a particular 
course is measured by the length, slope 
index and ability of a scratch golfer to par 
the course. Courses can be laid out in one 
of five basic configurations, their required 
areas ranging from 57 to 75 ha (140 to 175 
acres) (Figure 520-44), The configuration 



chosen will depend upon the character of 
the site, the design program and adjacent 
land use. Figure 520-45 shows the layout 
of a typical golf hole without hazards. 

The Variations: 

There are numerous variations of 9 or 18 
hole golf courses. A typical course of 9 
holes will consist of 2 par 3's, 2 par 5's and 
5 par 4's. The 1st and 9th holes are usually 
par 4's allowing warm up on the first hole 
and the potential for a good score on the 
last hole. This principle can be incorporated 
into any of the following golf course con- 
figurations: 

1 . Thirty-six holes: any combination of 
the basic configuration. 

2. Twenty-seven holes: three returning 
9's are preferred; one continuous 18 
and one returning 9 is permitted. 




CONTROLLED 
WATER 
ACCESS 



Figure 520-47. Outwardly focused 
camp. 

3 Nine-hole regulation with multiple 
tees (2 shots taken to each green for 
a total of 18 shots). 

4. Eighteen-hole executive, nine hole, 
pitch 'n' putt, par 3, or other short 
courses. These courses are generally 
2 740 to 3 660 m (3000 to 4000 yd) 
in length with a par of 56 to 60 They 
require areas of approximately 18 to 
24 ha (45 to 60 acres) and use full- 
size greens to distribute wear 

8.2 Equestrian Facilities 

Site Criteria: 

Equestrian facilities, which also can include 
livestock pavilions, should be located where 
they will be 150 m (500 ft) downwind from 
other public activity centers. Drainage must 
be positive and controlled both on- and 
off-site. Runoff must be retained on-site or 
properly treated before release into storm 
sewers or natural drainage. The spacing 
between buildings will be regulated by local 
fire codes, but usually at least a 4.5 m (15 
ft) fire lane is required. Boarding and rental 
stables should be separated by at least 30 
m (100 ft) Horse trails should be an aver- 
age of 900 to 1 800 mm (3 to 6 ft) wide, 



1. Regulation 18-hole golf courses require areas ranging from 57 to 75 ha (140 to 175 
acres) (Figure 520-44). 

2. Jogging paths should be a minimum of 0.62 km (1 mi) in length and should be 
arranged in some variation of a figure eight to allow shorter runs and a greater vari- 
ety of routes. Paths should be a minimum of 1.2 m (4 ft) in width. 

3. Exercise trails are jogging routes with exercise stations located 135 to 180 m (150 to 
200 yd) apart. 

4 Nature trails are paths along which interpretive stations are often placed to explain 
the surroundings and should have a minimum width of 2 100 mm (7 ft), a maxi- 
mum grade of 8 percent, and a firm surface. 
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3 000 mm (10 ft) wide for passing, and 
should be clear of overhanging limbs to a 
height of 3 600 mm (12 ft). Grades should 
not exceed 5 percent, although 10 percent 
for short distances is permissible Washing 
and grooming areas should be easily acces- 
sible, well drained and ventilated and away 
from the public. (See Figure 520-46.) 

Design Criteria: 

1. Pasture: 0.8 ha (2 acres) per horse 
(zoning ordinances vary) 

2. Staff office and apartment: 21 m- 
(226 ft 3 ) per staff member 

3. Treatment stalls: 3.5 m X 5 m (12 ft X 
17 ft), 1 per 30 horses 

4. Quarantine stalls: 3.5 m X 3.5 m (12 
ft X 12 ft), 1 per 30 horses 

5. Rental or boarding stalls: 3.5 m X 3.5 
mX4m(12ftX12ftX14ft), 1 per 
horse 

6. Hay storage (for 40 horses): 77 m 3 
(825 ft 3 ) 

7. Grain storage (for 40 horses): 18.5 m- 
(200 ft 3 ) 

8. Bedding storage (for 40 horses): 37 
m' (400 ft 3 ) 

8.3 In-line Skating 

Inline skating, sometimes referred to as 
roller blading, has evolved from roller skat- 
ing and is popular for both roller hockey 
and fitness. There are no specific design 
standards for inline skating facilities per se 
since many inliners use conventional roller 
skating rinks. The Inline Skatepark 
Directory provides information on special 
inline facilities. The International In-line 
Skating Association (USA), headquartered 
in Kennesington, Maryland was formed in 
1991 to advance in-line skating as a recre- 
ational activity and competitive sport. The 
association provides technical information 
for the inline skating community. 

8.4 Skateboard Parks 

Park designs vary, although they usually 
range from 0.1 to 2 ha (1/2 to 5 acres) in 
size. Surfaces should be made of a smooth, 
fluid, nonjointed material such as shotcrete 
or fiberglass. Features in a skateboard park 
include: 

1. Freestyle areas: about 24 m X 12 m 
(80 ft X 40 ft), with slightly banked 
walls. 



2 Slalom run: about 30 m (100 ft) long, 
dropping 3 to 4.5 m (10 to 15 ft), 
with slightly banked walls. 

3. Snake run: curved channel, with walls 

2.4 to 3.5 m (8 to 12 ft) high. 

4. Bowls and pools: depths from 2 1 to 

3.5 m (7 to 12 ft). Pools should 
include a slight overhanging lip 
around the edge. 

5. Half pipe: literally a half pipe with no 
flat area; variable length; diameter 
usually around 6.7 m (22 ft). Some 
walls rise beyond vertical. 

6. Full pipe: literally a full pipe with no 
flat spot. 

8.5 Jogging Paths 

Jogging requires only a path, preferably of 
crushed stone or a similar resilient material, 
that is well-drained and has a minimum 
width of 1.2 m (4 ft). The stone used will 
depend on local availability but should be 
smaller than 10 mm (1/2 in) in diameter 
and angular enough to pack to a firm sur- 
face. Paths should be a minimum of 0.62 
km (1 mi) in length and should be arranged 
in some variation of a figure eight to allow 
shorter runs and a greater variety of routes. 
Official marathons are 42.19 km (26 mi 



385 yd) long and are generally run on 
existing paved or dirt roads. 

8.6 Exercise Courses 

Exercise trails are jogging routes with exer- 
cise stations located periodically along the 
path The stations can be as close together 
as 46 m (50 yd) or as far apart as 365 m 
(400 yd), depending on the total length of 
the track; 135 to 180 m (150 to 200 yd) 
apart seems to be a good average. 
Proprietary tracks are available from sever- 
al companies complete with stations, signs, 
and installation guidelines. Some offer 
courses specifically designed for full acces- 
sibility. 

8.7 Rock Climbing Walls 

Rock climbing walls are found either in out- 
door settings or in special indoor gym facil- 
ities. There are no specific design standards. 
Local climbing clubs and instructors should 
be consulted when a climbing wall is being 
planned. 

8.8 Nature Trails 

Nature trails are paths along which inter- 
pretive stations are often placed to explain 
the surroundings. These paths can be made 
accessible to those who are blind by adding 
Braille strips or raised letters to the interpre- 




1. Folk or square dancing done outdoors requires a flat and unobstructed area of about 
15mX30m(50ftX100 ft) 



2. A boxing surface should be5mX8m(16ftX24ft)in size. 

3. For international wrestling competition, the mat is 12 m X 12 m (39 ft 3 in X 39 ft 3 
in) square with an inner circle of 2 850 mm (9 ft 6 in) in diameter (Figure 520-59) 

4. A minimum table size for games like checkers, chess, and backgammon is 0.6 m X 
0.6 m (2 ft X 2 ft). 

5. A regulation-size table tennis surface is 1 500 mm X 2 700 mm (5 ft X 9 ft) wide 
and 750 mm (30 in) high. 





1 Although camps vary in size and configuration based on terrain, vegetation, etc., a 
camp for 75 to 100 campers averages approximately 14 to 16,5 ha (35 to 40 acres) 
in size. 

2. Family-size camp sites should be 4.2 m X 4.9 m (14 ft X 16 ft). 

3. Picnic areas are generally designed in clusters of 10 to 100 units with 10.7 m (35 ft) 
between units 50 units/ha (20 units/acre) is desired 
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ALTERNATIVE 
ONE 

DENSITY: H.5/ HA (16/ACKE) 
SQUARE METEKS/CAMPSITE: 2S1 

(2703 ft z ) 
SQ.UARE METERS ROAD/ . 

CAMPSITE: 69 (106 ft 2 ) 
ROAD £ TO ROAD G_ SOemCUW) 



ALTERNATIVE 
TWO 

DENSITY: 8.1/ HA (ZO/ACKE) 
SQUARE METERS/CAMPSITE: 203 

(2183 ft h 
SQUARE METERS ROAD/ 

CAMPSITE: 80 (67 ft 2 ) 
ROAD q. TO ROAP C SB 4m (118') 
NOTE TRAILER MLfBTBE 
DISCONNECTED 



AITERNATTVE 
THREE 

DENSITY: 6.7/ HA (14/ACRE) 
SQUARE METERS/CAMPSITE: 301 

(32*0 ft ) 
SQUARE METERS ROAD/ 

CAMPSITE: 109 (130 ft 2 ) 
ROAD C_ TO ROAD 4 : 18m (60 r ) 
NOTE (All DIAGRAMS): ROADS 
ONE-WAY; 3 m (ICY) WIDE 
(MIN 3 8 m (12 ) PREf ERRED 



Figure 520-48. Sample motor camping layouts. 



tive plaques, using textured surfaces on the 
ground plane to identify the interpretive 
stations, and providing low curbs to help 
define the pathway. If the path is to accom- 
modate those with mobility handicaps, it 
should have a minimum width of 2 100 
mm (7 ft), a maximum grade of 8 percent, 
and a firm surface. The adjacent vegetation 
should not overhang the path at a height 
less than 2 250 mm (7 1/2 ft). The trail may 
also be delineated with ropes running 
through rings on 900 mm (36 in) posts, and 
knots can be used to call attention to 
upcoming interpretive stations [U.S. 
Department of Housing and Urban 
Development (HUD)] (Refer to Sections 
240: Outdoor Accessibility, for more infor- 
mation.) 



9.0 CAMPING AND PICNICKING 



9,1 Organized Camping 

Definitions: 

Organized camping is defined by the 
American Camping Association (ACA) as 
"a sustained experience which provides a 
creative recreational and educational 
opportunity in group living in the out-of- 
doors. It utilizes trained leadership and 
resources of the natural surroundings to 
contribute to each camper's mental, physi- 
cal, social and spiritual growth." 



Design: 

Campgrounds are classified as primitive, 
semi-primitive or modern depending on the 
facilities provided. Organized camp design 
can be inwardly focused toward a campfire 
ring or some other feature, such as a swim- 
ming pool, or outwardly focused toward a 
lake or river. Most are located in a forested 
setting, with good breeze orientation and 
readily available potable water. Camping is 
feasible for handicapped individuals. The 
major design adaptation required for those 
who are handicapped is the provision of 
paved surfaces between campsites and 
other features, such as water, comfort sta- 
tions, and parking. (See Section 240: 
Outdoor Accessibility for more informa- 
tion.) 

Spatial Standards: 

Although camps vary in size and configura- 
tion based on terrain, vegetation, etc., a 
camp for 75 to 100 campers averages 
approximately 14 to 16.5 ha (35 to 40 
acres) in size. 

1 . Central core: service area garage, staff 
and help quarters, central washhouse, 
infirmary, dining lodge, administration 
building, and nature study center. 




Figure 520-49. 
ing layout. 



Rosette trailer park- 



2. Units: organized in groups of six 4- 
bed tents or cabins, plus counselor 
accommodations, a bathroom, and a 
central core. Units of this size occupy 
roughly 0.8 ha (2 acres). 

American Camping Association (ACA) 
Standards: 

The ACA has established standards by 
which they evaluate camps seeking accred- 
itation. These standards address camp 
administration, personnel programs, specif- 
ic programs for users with special needs, 
and site conditions (Figure 520-47). 
Contact the ACA for complete standards. 

9.2 RV Camping 

The cross section of a RV pad should be 
level across the width of the trailer A slight 
slope along its length is permissible, with a 
slope toward the rear preferred. RV 
campers load on the passenger side; utility 
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BACKSTOP - ALWAYS A REQUIREMENT TO STOP 
BULLETS. NATURAL OR BUILT HILL. NO STONES 
OR HARP MATERIAL l6'-3-' (4.5-9.0m) HI6H, 
SLOPE AS £>TEEF A5 LOCAL MATERIAL WILL ALLOW 
EXTEND BEYOND ENDS OF TARGET LINE TOP OF 
TARGET AT ELEVATION 6'(2m) ABOVE TOES OF SLOPE. 




SAFETY ZONE 
EXTENDS 1ZOO YD (riOOm) 
AT EACH END OF RANGE 



SIDE BEKMS FOR 
SAFETY 3n> (Iff) HIGH, 
AS STEEP AS POSSIBLE 



Figure 520-50. Basic rifle/pistol range layout. 




HIGH HOUSE 



LOW HOUSE 
FIRING 
POSrTIONS 



SKEET RANGE LAYOUT 



AREA REQUIREMENTS 
(FOR WALKS AND STRUCTURES ONLY) 
TRAP ONLY SOX IBB m (1O0X65') 
SKEET ONLY ■ 40 X 24 m (130 X 601 
COMBINATION 40 X 35m (130 X 115') 



762 
(2 l/tt 




connections are on the driver's side (Figures 
520-48 and 520-49) 

9.3 Individual Campsites 

Family-size sites should be 4.2 m X 4.9 m 
(14 ft X 16 ft), with a soft level tent pad 
within this area. Campfire rings should be 
raised 600 mm (2 ft) and seating should be 
provided within 900 mm (3 ft) of the fire. 
Push lids on trash cans are preferred, and 
these lids should be 1 m (40 in) from the 
ground. In some areas, special animal- 
proof storage lockers and trash facilities are 
required for the safety of campers. Trails 
should be designed without obstructions to 
a height of 2.3 m (7 1/2 ft). 

9.4 Picnic Areas 

Picnic areas are generally designed in clus- 
ters of 10 to 100 units with 10.7 m (35 ft) 
between units. (A unit consists of a table 
with benches, a grill, and a trash recepta- 
cle.) A maximum density of 50 units/ha (20 
units/acre) is desired, with a buffer strip of 
60 m (200 ft) between picnicking and other 
activities. Comfort stations should be pro- 
vided and placed at least 1 5 m (50 ft) away, 
but no further than 122 m (400 ft) away 
from any unit, and drinking fountains 



TRAP HOUSE 
Z6X23m (85X75') 




STANDARD 
HIGH HOUSE 



MINIMUM 
CLEARED 
AREA 

i (100yd) 
TRAP HOUSE 
16 YARD LINE J 
27 YARD LINE 



DESIRABLE 
TRAP ANGLE (44") 
(ANGLES TO 
!M' ALLOWED) 
TARGET FLIGHT ARE' 
R= 46.7 ,1.8 
(50yft±2yJ) 



fs^ TRAP RANGE LAYOUT 
(AL°LDLAGRAMS) 

366(400^) 




- TRAP HOUSE 
FIRING POSITIONS (SKEET) 



THE 14.6 METER (16 YARD) (FRONT) TRAP STATIONS ARE 14.6 METERS (16 YARDS) FROM THE TRAP MACHINE 
A 2743 mm (3 FOOlf CHORD EXISTS BETWEEN EACH STATION, SHOOTING STATIONS 
CONTINUE AWAY FROM THE TRAP HOUSE AT ONE YARD INTERVALS TO 24.7 METERS (27 YARDS). 
SKEET TARGETS ARE FIRED FROM THE HOUSES AND CROSS AT 
POINT -A'. ALL STATIONS ARE 900 X 800 mm (3 X 5 FEET) EXCEPT #6 WHICH IS 
9O0 X I BOO mm (3 X 6 FEET). A CHORD DRAWN BETWEEN THE CENTERS OF 
EACH STATION IS 8 1375 mm (26 -8 3/8" LONG.) 



Figure 520-51. Combination skeet Figure 52 n. 5 2. Combination skeet and trap range, 
and trap range layouts. 
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Figure 520-53. Driving range (golf)- Figure 520-54. Council ring. 



clear space 750 mm (30 in) high and 600 
mm (24 in) deep under the table to allow a 
wheelchair to slide under. Grills should be 
750 mm (30 in) tall at their top, rotate 360 
degrees, and be provided with a utility shelf 
for cooking tools. Grills on adjustable sup- 
ports offer flexibility for many user groups 
Keep plant material back 900 mm (3 ft) and 
cleared to a height of 2 250 mm (7 1 17. ft). 



SCREEN 
ABOUT 9 m' (100 ft') 
PLATFORM - 
ABOUT 12 m '(126 It 1 ) 




4,20 m (U) LONG 



Figure 520-55. 
theatre. 



Interpretive Amphi- 



should be within 30 m (100 ft) of the units. 
Centralized parking at 1 space per 1.5 
tables is required, with several tables with- 
in 122 m (400 ft) of the parking area. 

Campers in wheelchairs can be easily 
accommodated by providing paved access 
to facilities and by making minor modifica- 
tions to site furnishings. Allow 2.4 m (8 ft) 
between tables used by wheelchairs and a 



10.0 RANGE SPORTS 



10.1 Rifle and Pistol Range 

General Information: 

1 . Targets can be placed at varying dis- 
tances from the firing line (staggered 
butt range) or can be aligned on a sin- 
gle line with firing positions staggered 
(butt-in-line range). 

2. Consideration should be given to 
problems that may result from the 
noise, particularly downwind of a 
range. Refer to Section 660: Sound 
Control, for various ways this problem 
may be treated. 

3. Existing hillsides or built-up berms 
should be used behind and to the sides 
of the target area for safety reasons 
(Figures 520-50 through 520-52). 

4 Target areas should not be in line with 
residential or commercial areas to 
avoid any contact with bullets which 
may ricochet. 



Range Distances: 

1. Small-bore rifle: 50 ft, 50 yd, 50 m«, 
100 yd 

2 High -power rifle: 100 yd, 200 yd, 300 
yd,* 300 m("), 500 to 600 yd, 800 
to 900 yd, 1000 yd 

3. Metallic silhouette: 

a. mall-bore rifle: 40 m, 60 m, 77 m, 
100 m 

b. High-power rifle: 200 m, 300 m, 
385 m, 500 m 

c. Pistol: 50 m, 100 m, 150 m, 700 m 

d. Pistol shoot range: 25 m, 50 m, 75 
m, 100 m 

4. Outdoor pistol: 25 yd, 25 mC*), 50 
yd. 50 m(") 

5 Pistol (police combat course): 7 yd, 15 
yd. 25 yd, 50 yd 

6. International running boar: 50 m 

* competition distance. 

• ■ international distance, 

10.2 Archery 

1. The distance to the target should be 
91 m (300 ft) for men and 55 m (180 
ft) for women. 

2. Targets should be 4.9 to 6 m (1 6 to 20 
ft) on-center, with the bulls eye 1 .2 to 
1.4 m (4 to 4-1/2 ft) off the ground. 

3. The archer and the target should be at 
approximately the same elevation, the 
range should be free from hard 
obstructions, and the site should be 
sheltered from wind. 

4. For visual reasons, the archer should 
face within 45 degrees of north in the 
northern hemisphere; the preferred 
background for a target is a natural or 
built-up dirt embankment or tall, 
dense vegetation 

5. Existing hillsides or built-up berms 
should be used both behind and to 
the sides of the target area for safety 
resons. 

10.3 Driving Ranges 

Driving range (golf) design features should 
include multiple tees, mat and natural grass 
and tee areas to hit into and across the 
wind. Figure 520-53 illustrates a typical dri- 
ving range for golf. 
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Figure 520-56. Schematic sports 
stadium. 



11.0 SPECTATOR FACILITIES 



11.1 Council Rings 

The diameter of council rings is normally 
not very large in order to allow eye contact 
between participants. Allow at least 500 
mm (20 in) of bench space per person A 
natural bowl design allows better viewing 
for more people (Figure 520-54). 

A fire ring is optional, but if included it 
should be at least 1 800 mm (6 ft) in diam- 
eter and 1 500 mm (5 ft) from the nearest 
seated audience. The leader's spot should 
have a dark background and face the direc- 
tion of the setting sun. 

11.2 Amphitheaters 

Small Amphitheaters: 

Small amphitheaters, usually designed for 
campgrounds, consist of seats, a small 
stage or podium, nighttime lighting, and 
sometimes a public-address system and 
provision for showing slides and films 
(Figure 520-55). There should also be 
ramps and associated special design facili- 
ties for those who are handicapped. Where 
possible, the amphitheater should be built 
into a naturally existing or graded bowl and 
should face away from late afternoon sun. 
In addition, the following design guidelines 
can be used: 

1 . Aisles should be at least 1 500 mm (5 
ft) wide, with a maximum space of 9 
000 mm (30 ft) between aisles. 

2. The backstage area can be enclosed, 
and where needed it can be used to 
set up and store slide and film equip- 
ment for rear-projection screens. 

3 The platform is usually about 450 mm (18 
in) off the ground and a minimum of 11.6 
m J (125 ft 7 ) in size. 
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Figure 520-57. Stadium seating. 



4. Angle A (Figure 520-55) varies to as 
wide as 120 degrees, but more often 
ranges between 60 and 90 degrees. 

Major Outdoor Theaters: 

Major outdoor theaters are usually charac- 
terized by professional theater lighting, cur- 
tains, orchestra facilities, and elaborate 
sound systems. Some have wooden or 
metal seats with backs. The seating area 
may be concrete, with step lights. Ticket 
sales areas, restrooms, backstage areas, 
concession areas, and adequate parking are 
all necessary, 

These facilities pose many more complex 
design, construction, and operations issues 
than the basic interpretive or small 
amphitheaters. Persons interested in facili- 
ties of this magnitude should consult the 
appropriate major reference books and visit 
and study successful projects. In the United 
States the following are considered good 
examples: Wolf Trap Farm Park 
Amphitheater (Vienna, Virginia), Starlight 
Theater (Kansas City, Missouri), Concord 
Pavilion (Concord, California), Hollywood 
Bowl (Hollywood, California), and Red 
Rock Amphitheater (Denver, Colorado). 

11.3 Sports Stadiums 
General: 

Spectator sight lines are the principal design 
consideration in stadium design. The seat- 
ing capacity can be increased by making 
the seating either longer or higher In gen- 
eral, longer, lower seating is less expensive 
but has fewer seats that are considered 
prime (Figure 520-56). 

Spatial Standards: 

Seats can be mounted to either the tread or 
the riser (Figure 520-57). Treads should 
never be less than 550 mm (22 in) wide; 



650 mm (26 in) is preferred. A tread width 
of 750 mm (30 in) should be used for 
benches with backs and 800 mm (32 in) 
used for chair-type seating. 

Provision for those with mobility limita- 
tions is important and requires special con- 
sideration. Refer to Section 240: Outdoor 
Accessibility, for more information. Some of 
the major considerations follow. 

Spaces for wheelchairs should be 1 200 
mm (48 in) deep and 850 mm (34 in) wide. 
Seats for persons using crutches or braces 
should be 600 mm (24 in) wide, with 700 
mm (28 in) of clear space in front. Spaces 
for wheelchairs and persons with crutches 
should be accessible by a level floor or 
ramp (such as at the front or rear of the sta- 
dium). The handicapped-spectator area 
should be recessed to allow for free circula- 
tion. 

There are several important variables 
that have to be known to determine the 
amount of parking that is needed for a 
sports stadium. In the United States the fol- 
lowing standards are often used, although 
each case may have some special feature. 

For stadiums near mass transportation, 
such as New York City's Yankee Stadium, or 
for stadiums on university campuses where 
students, faculty, and many guests are 
within walking distance, there may be very 
little need for on-site parking. As a rule of 
thumb, if people do come by car they come 
at a rate of three passengers per car. For 
peak crowds, such as at football games, 
many people will normally come by char- 
tered or special buses. A stadium with a 
seating capacity of 50,000 people should 
have spaces for about 1 00 buses. 

There will be a need for special parking 
spaces for people who are physically hand- 
icapped. The parking spaces should be 
3 900 mm (13 ft) wide, and there should be 
about 1 space for every 50 standard park- 
ing spaces; this number should be deter- 
mined based upon local needs. A drop-off 
zone should be provided within 15 m (50 
ft) of an entrance where those who are 
physically handicapped can gain access to 
the stadium and viewing area. 



12.0 SPECIAL AREAS 



The activities listed below are normally 
accommodated by providing enough open 
space to set up temporary facilities during 
special events. 
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12.1 Dancing 

When folk of square dancing is done out- 
doors, it requires a flat and unobstructed 
area of about 1 5 m X 30 m (50 ft X 1 00 ft). 
Hardwood is the preferred surface for 
dancing, but smooth concrete or other 
types of hard paving can be used. In some 
situations, a covered pavilion with a band 
platform, special lighting, and amplification 
equipment is more desirable. 

12.2 Boxing 

The boxing surface should be no more than 
1 200 mm (4 ft) off the ground and 5 m X 
8 m (16 ft X 24 ft) in size within the ropes, 
plus 600 mm (2 ft) around all edges. The 
surface should be padded with 25 mm (1 
in) of a stiff cushioning material covered 
with canvas and laced outside the apron of 
the ring (Figure 520-58). 

12.3 Wrestling 

For international competition, the mat is 12 
m X 12 m (39 ft 3 in X 39 ft 3 in) square 
with an inner circle of 2 850 mm (9 ft 6 in) 
in diameter (Figure 520-59) 

The platform may be raised 1.1 m off 
the floor in international competition, but 
under NCAA rules, it must not be raised. 



12.4 Table Games 
Checkers / Chess: 

A minimum table size is 0.6 m X 0.6 m (2 ft 
X 2 ft). It should have seating for two, plus 
enough gathering space for spectators. 

Table Tennis (Ping-Pong): 

A regulation-size table top is 1 500 mm X 
2 700 mm (5 ft X 9 ft) wide and 750 mm 
(30 in) high, and a small table for children 
(or when used as a picnic table) is 1 .2 m X 
2.4 m (4 ft X 8 ft) wide and 750 mm (30 in) 
high. Allow 1 800 mm (6 ft) of unobstruct- 
ed space between tables or adjacent facili- 
ties/structures. This dimension also serves 
the needs for access by those who are 
handicapped. 



13.0 TOT LOTS AND 
PLAYGROUNDS 



3.1 General 

Many experts advocate a play environment 
for children that provides opportunities for 
development of motor skills, make-believe, 
building, competitions, and quiet, solitary 
activities. Activities that are linked together 
so that many children can use them simul- 
taneously are generally preferred to isolat- 
ed apparatus. Safety both within and out- 
side of the playground is important, but an 
overemphasis on safety measures can 
sometimes lower the quality of the play 
environment. 

Safety Measures: 

The Consumer Product Safety Commission 
(CPSC) has conducted considerable 
research on playground design and safety 
A recent publication Ten Steps Toward a 
Safer Playground Fact Sheet #327 provides 
information planners and designers should 
consider before undertaking playground 
design: 

1 . Protective Surfacing - The surfaces 
under and around play equipment 
should be soft enough to cushion 
falls. For most play equipment, these 
surfaces should contain a minimum of 
300 mm (12 in) of wood chips, mulch, 
sand or pea gravel. 

2. Fall Zones - To cushion a fall, shock 
absorbing material should extend a 
minimum of 1 800 mm (6 ft) in all 
directions from stationary pieces of 
play equipment. In front of and 
behind swings, the material should 
extend a distance equal to twice the 
height of the suspending bar. 



3. Equipment Spacing - Play structures 
should be spaced at least 3 600 mm 
(12 ft) apart to allow children space to 
circulate or fall without striking anoth- 
er structure. Moving pieces of equip- 
ment should be located in an area 
away from other play structures so 
children have adequate room to pass 
from one play area to another with- 
out being struck by a moving swing or 
by another child jumping from a slide. 

4. Catch Points and Protruding 
Hardware - There should be no dan- 
gerous pieces of hardware, such as 
protruding bolt ends and narrow gaps 
in metal connections or open "S" 
hooks at the top and bottom of 
swings. Exposed hardware can cut 
children, puncture skin, or catch 
clothing drawstrings, which could 
strangle a child. 

5. Openings that can trap - Openings in 
guardrails, and spaces between plat- 
forms and between ladder rungs, 
should measure less than 87.5 mm 
(3.5 in) or more than 225 mm (9 in). 
Children can get trapped and strangle 
in openings where they can fit their 
bodies but not their heads through 
the space. 

6. Pinch, Crush, Shearing, and Sharp 
Hazards - Equipment should not have 
sharp points or edges that could cut 
skin, Moving pieces of equipment, 
such as suspension bridges, track 
rides, merry-go-rounds, or seesaws, 
should not have exposed moving 
parts that might crush or pinch a 
child's finger. 

7. Tripping Hazards - There should be no 
exposed concrete footings, abrupt 
changes in surface elevations, tree 
roots, tree stumps, and rocks, which 
can trip children or adults. 

8. Guardrails - Elevated surfaces such as 
platforms, ramps, and bridge ways 
should have guardrails to prevent 
falls. 

9. Routine Maintenance - Provide for a 
designated official who periodically 
inspects the play equipment and is 
responsible for preventive mainte- 
nance. This includes: replacing miss- 
ing, broken, or worn-out compo- 
nents; securing hardware; checking 
for deterioration in the wood, metal, 
or plastic materials; maintaining the 
proper 12-inch depth of surfacing 
material; and cleaning up debris. 
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children in the design process and commu- 
nity volunteers in construction Creating 
the play environment is done according to 
professional plans and specifications. (The 
Community Built Association, 99 E. Lake 
Road, Ithica, N.Y. 14850). 



RECREATION & SPORTS 
ORGANIZATIONS 



There are many organizations and compa- 
nies in the United States and throughout 
the world that provide guidelines for the 
planning, design, construction, operation, 
and maintenance of both competition- and 
non-competition-level athletic facilities. 
The list shown below includes only U.S.- 
based organizations. In other parts of the 
world these guidelines may not apply; they 
should therefore be checked against local 
customs and practices. 

Badminton 

U.S. Badminton Association 

P.O. Box 237 

Swartz Creek, Ml 48473 



Golf 

National Golf Foundation 
1150S. U.S. Highway 1 
Jupiter, Florida 33477 

U.S. Golf Association 
Far Hills, NJ 07931 

Handball 

U.S. Handball Association 
4101 Dempster Street 
Skokie, IL 60076 

Hockey 

Amateur Hockey Association of the U.S. 
2997 Broadmoor Valley Road 
Colorado Springs, CO 80906 

USA Hockey 

Colorado Springs, Colo. 

Inline Skating 

International In-line Skating Association 
3720 Farragut Ave, Suite 400 
Kensington, MD 20895 
Phone: (301) 942-9770 
Fax: (301)942-9771 



10. Supervision - The play area should be 
designed so that adults can observe 
children at play. 

The National Recreation and Park 
Association (NRPA) sponsors the National 
Playground Safety Institute. The Institute 
provides numerous playground safety 
resources and videos and the latest regula- 
tions and design guidelines published by 
the Access Board, The Access Board is 
charged with providing assistance to the 
Department of Justice and the National 
Park Service to implement the Americans 
With Disabilities Act (ADA) as applicable to 
parks and playgrounds of all types. 

Inspections: 

Inspection of playgrounds requires careful 
examination of the equipment, the surface 
and any retaining walls or edges to the 
playground equipment area. Depending 
upon the nature and use of the equipment 
the inspection schedule may have to be 
daily or weekly. Damaged equipment 
which cannot be repaired on-site should be 
removed or contained in such a way that it 
cannot be used. 

Dimensions: 

Provide seating for play supervisors, and 
storage for loose apparatus, maintenance 
equipment, etc. Tot lots generally average 
about 225 to 465 m' (2400 to 5000 ft') in 
size. More complex playgrounds, including 
areas for paved courts, shelter, a wading 
pool, etc., average 1 to 4 ha (2-1/2 to 10 
acres) in size. 

13.2 Adventure Playgrounds 

Creative, junk, or adventure playgrounds 
are generally fenced areas which offer chil- 
dren a variety of junk building supplies with 
which to assemble forts, play equipment, 
etc. Concerns about this kind of play- 
ground revolve around safety and visual 
impact Boundary screening is important, 
and generally the child will have a safer and 
more educational experience under the eye 
of a supervisor/helper who can watch, 
check out tools, and offer help to young 
builders. 

13.3 Community-Built Playgrounds 

This type of playground involves the com- 
munity in the design, organization and con- 
struction of the playground. Volunteers are 
organized by a professional association to 
construct the playground according to 
design specifications. 

The main emphasis of this wood-struc- 
ture type playground is the participation of 



Baseball, Babe Ruth League 

Babe Ruth League, Inc. 
P.O. Box 5000 
Trenton, NJ 08638 

Baseball, Little League 

Little League Baseball, Inc. 
P.O. Box 3485 
Williamsport. PA 17701 

Boccie, Croquet, Deck Tennis, 
Horseshoes 

General Sport Craft Co., Ltd. 
1 40 Woodbine Street 
Bergenfield, NJ 07621 

Camping 

American Camping Association 
Bradford Woods 
Martinsville, IN 46151 

Croquet 

See Bocce 

Exercise Courses 

The Gamefield Concept 
2088 Union Street, Suite One 
San Francisco, CA 94123 

Parcourse, Ltd. 
3701 Buchanan Street 
San Francisco, CA 94123 
Football, Junior League 

Pop Warner Football 

1315 Walnut Street Building, Suite 606 

Philadelphia, PA 19107 



Ice Skating 

Ice Skating Institute of America 
1000 Skokie Boulevard 
Wilmette, IL 60091 

Platform Tennis 

American Platform Tennis Association, Inc. 
P.O. Box 901 

Upper Montclair, NJ 07043 
Paddle Tennis 

U.S. Paddle Tennis Association, Inc. 
189 Seeley Street 
Brooklyn, NY 11218 

Playgrounds 

The Community Build Association 
99 E. Lake Road 
Ithica, N.Y. 14850 

American Society for Testing Materials 
1916 Race Street Philadelphia, PA 19103- 
1187 

Phone: (215) 299-5585 
FAX: (215) 977-9679. 

Consumer Products Safety Commission 
Washington, D C 

Racquetball 

U.S. Racquetball Association 
4101 Dempster Street 
Skokie. IL 60076 
Rifle and Pistol Ranges 

National Rifle Association of America 
1600 Rhode Island Ave., N.W. 
Washington, DC 20036 
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Roller Skating 

U.S. Amateur Confederation of Roller 
Skating 

P.O. Box 83067 
Lincoln, NE 68501 

Roque 

American Roque League, Inc. 
4205 Briar Creek Lane 
Dallas, TX 75214 

Shuffleboard 

American Shuffleboard Leagues, Inc. 
210 Paterson Plank Road 
Union City NJ 07087 

Skeet 

National Skeet Shooters Association 

P.O. Box 28188 

San Antonio, TX 78228 

Winchester-Western Recreational Shooting 
&Marksmanship Department 275 
Winchester Avenue 
New Haven, CT 06504 

Skiing 

U.S. Ski Association 

P.O. Box 100 

Park City. UT 84060 

Softball 

Amateur Softball Association 
2801 North Easl 50th 
Oklahoma City. OK 73111 

Special Olympics 

Special Olympics, Inc 
1701 K Street, N.W. 
Suite 203 

Washington, DC 20006 
Speed Skating 

Amateur Skating Union of the U.S. 
4423 West Deming Place 
Chicago, IL 60639 

Tennis 

U.S. Lawn Tennis Association 
51 East 42nd Street 
New York, NY 10017 

U.S. Tennis Association 
Education & Research Center 
739 Alexander Road 
Princeton, NJ 08540 

International Tennis Federation 

Pallister Road, Barons Court London 

W149EN 
Telephone 44 171 381 8060 
FAX 44 171 381 3989 

Trapshooting 

Amateur Trapshooting Association 
601 W. National Road 



Vandalia, OH 45377 

Remington Arms Co., Inc. 
Bridgeport, CT 06602 

General 

International Amateur Athletic Federation 
(IAAF) 

162 Upper Richmond Road 
Putney, London SW152SL. England 

National Collegiate Athletic Association 
(NCAA) 

NCAA Publishing Department 
P.O. Box 1906 
Mission, KS 66226 

National Federation of State High School 
Athletic Associations 
11724 Plaza Circle 
P.O. Box 20626 
Kansas City, MO 64195 

Amateur Athletic Union of the U.S. 
3400 West 86th Street 
Indianapolis, IN 46268 

American Alliance for Health, Physical 

Education and Dance 

Division of Girls' and Women's Sports 

1900 Association Drive 

Reston, VA 22091 
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1.0 HISTORY 



Contemporary water displays rely 
heavily on historic precedent, with 
elements usually abstracted to satis- 
fy broader design and environmental con- 
straints. Historical models range from 
ancient irrigation systems to ornate displays 
within fountains. Often, modern displays 
are modeled after free flowing streams and 
falls within natural settings. 



2.0 WATER DISPLAY PURPOSE 



2.1 Aesthetic Factors 

A designer usually incorporates water into a 
space as a visual element. The aesthetic 
qualities of water, however, reach far 
beyond the visual aspect due to the docu- 
mented psychological effects of water as a 
metaphor and as a physical factor providing 
sound, and climatic modification. The 
sound of water and the coolness associated 
with being near or touching water are 
equally a part of our emotional response to 
water in the environment. 



O Visual: 

Urn 

Water can function as a focal point within a 

c space or as a means of creating and main- 

rt taining a sense of continuity. A water dis- 

{/} play can strongly temper the character of a 

"q space. A sense of calm and serenity is cre- 

O ated by a quiet stream or pool, while 

Q- excitement and drama can be achieved by 
swiftly moving, densely massed, or strong- 

Q ly vertical displays. The level of formality 

ffy will be influenced by the forms of the pools 

in 



and displays, and the mood further defined 
or reinforced by appropriate lighting. 

Psychological: 

It is an essential aspect of human behavior 
to be drawn toward a riverbank, lake edge, 
or seashore. We either live near water or 
convey it to where we live, using canals or 
pipelines. Our food supply likewise 
depends upon water for growth and suste- 



Auditory: 

The intensity and frequency of the sound 
generated by a water display can be used 
to convey a sense of calm or excitement, 
and can also mask unpleasant or distracting 
ambient noise. 

Sensory Effects: 

Airborne spray and evaporation from water 
displays cause a cooling effect. Droplets 
and sprays from active, aerated displays are 
particularly effective. 

2.2 Functional Reasons 

Pools also may be introduced or used sec- 
ondarily for the following functional rea- 
sons: 

Recreation: 

Pools may be designed for wading, swim- 
ming, fishing, boating, or just water play, as 
with participatory water displays 

Circulation Control: 

Pools may be used to direct or interrupt 
traffic patterns for reasons of safety or 



security or simply to promote an orderly 
progression through a space. 

Utilitarian: 

Practical applications for water displays 
include their use as a fire fighting or irriga- 
tion reservoir, as a retention pond for site 
drainage, or as a means for cooling air 
and/or mechanical equipment. 



3.0 WATER 



3.1 Quantification 

Three units of measure are used to define 
water used for a display. 

Capacity: 

The volume of water in a system is usu- 
ally expressed in liters (L) or gallons (gal). 
When designing a water display, it is useful 
to know that 1 m ! of water is equal to 
304.63 L (1 ft' is equal to 7.48 gal). 

Flowrate: 

The amount of water flowing through or 
circulating within a system is expressed as a 
volume per unit time, usually cubic meters 
per second (mVs ) or gallons per minute 
(gpm), Flowrate is perhaps best under- 
stood by this comparison: a garden hose 
discharges about 25 Lpm (7 gpm), a fire 
hose about 560 Lpm (150 gpm). and a 
sheared-off fire hydrant about 3 750 Lpm 
(1000 gpm). 

Pressure: 

In U.S. units, pressure is usually 
expressed in terms of pounds per square 
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inch (psi) or feet of water column. This is 
more commonly called feet of head. The 
relationship, or the concept, is probably 
best understood as the weight of a column 
of water over a unit area. Consider that 1 
ft 3 of water weighs (62.4 lb.) If the weight 
of a column of water 1 ft high is distributed 
over a base area of 1 ft 3 , it will exert a pres- 
sure of 62.4 pounds per square foot (psf), 
or 0.43 psi. Reciprocally, 1 psi is equal to 
2.31 feet of head. These are convenient 
numbers to remember when selecting 
valves, fittings, and piping, some of which 
are related in feet of head, others in psi 

3.2 Water Quality 

The quality of the water in a pool or foun- 
tain is determined by the nature of the sup- 
ply and the extent of filtration, chemical 
treatment, and/or biological balance. 

Supply: 

The most common source of supply is the 
piped domestic water system. Alternative 
sources include wells, springs, streams, and 
other natural bodies of water. 

Domestic water is usually filtered and 
chemically treated and is suitable as deliv- 
ered. Water from a well, spring, or stream can 
include excessive minerals and organic nutri- 
ents and may require chemical treatment. 

Chemical Treatment: 

Chlorination levels in the range of 1 to 2 
parts per million (ppm) should be main- 
tained as a minimum. Occasional super- 
chlorination or shock treatment with an 
algacide may be required for algae control. 
Other chemicals may have to be added to 
mitigate concentrations of minerals, partic- 
ularly calcium and iron. The need for any 
treatment beyond the maintenance of 
chlorine residual is generally empirically 
determined and should be administered 
only after consultation with water treat- 
ment specialists and after consideration of 
its compatibility with pool piping, hard- 
ware, and finishes and with governmental 
standards regulating overflow or effluents 
from the drain systems. 

Biological Balance: 

Static water may be kept fresh by promot- 
ing biological balance through the use of 
fish and aquatic plants. Plants need to pho- 
tosynthesize carbon dioxide m the presence 
of light in order to grow. This releases oxy- 
gen into the water and starves out lower 
plants such as algae by virtue of competi- 
tion. The oxygen promotes water clarity 
and sustains the fish. The fish in turn fertil- 
ize the plants, keep down pests, and pro- 



Table 530-1. WATER EFFECT CLASSIFICATION 



CATEGORY INFLUENCE 



TYPE 



EFFECT 



STILL 

(CONTAINED) 



I — I 

UNDISTURBED 

POOL L_i 



REFLECTOR 
WINDOW 



r— TEXTURE 

DISTURBED 

POOL I- ACTIVATOR 



I— GRAVrTY - 
(FALLING) 



MOVING 

(UNCONTAINED) 



FREEFALL 



I 1 1 V. 



- APPLIED — 
PRESSURE 



1— CASCADE 



SPOUT 
(JET) 



— t ULL SHEET 
—INTERRUPTED SHEET 
-GRAVITY SPOUT 
-BROKEN SHEET 

f— SMOOTH WATERWALL 
■TEXTURED WATERWALL 
—QUIET STREAM 
— TURBULENT STREAM 

-CASCADING WATERWALL 
-STEPPED FORMS 
-WATERS TAIRS 
-STEPPED P00L5 

-CLEAR COLUMN 
-AERATED MASS 
■SPRAY 
■ SHEET 



vide some of the carbon dioxide for photo- 
synthesis. 



4.0 WATER EFFECTS 



4.1 Classification and Description 

Table 530-1 provides a framework for dis- 
cussion of water effects. These effects are 
typically grouped into two basic categories: 
(1) still water and (2) moving water 
(Figures 530-1 through 530-5). 

Still Water 

The container defines the form assumed by 
the water. The finish of the underwater sur- 
faces and the condition of the water at the 
surface influence the ultimate effect. A dark 
pool finish with an undisturbed surface will 
function as a reflector, while a disturbed 
surface is a texture. A light-colored and/or 
patterned pool finish with an undisturbed 
surface will function as a window, while a 
disturbed surface will act as a modifier, 
imparting a dynamic quality to the sub- 
merged surface. A light, unpatterned finish 
will emphasize water clarity. 

Moving Water: 

There are two subcategories within this 
classification. Falling water refers to water 
moving solely under the influence of gravi- 



ty, while spouting water refers to water dis- 
charged or displaced under pressure, coun- 
tering or complementing gravitational 
movement This latter category includes 
waves and spouts (jets) of water. The wave 
effect, while a viable alternative visually 
and mechanically, has not been widely 
applied because of the excessive energy 
requirements and the considerable bulk of 
the activating mechanisms. Falling water 
may be further categorized as free-falling, 
flowing, or cascading. 

Free-Falling Water: Free-falling water 
moes vertically without contacting any sur- 
faces and is most often expressed as a full w 
sheet (Figure 530-2). Decreasing the C 
flowrate produces a rainlike broken sheet.. 
Other variations include obstructing the "JS 
weir periodically to form an interrupted 3 
sheet or supplying water behind an orifice O 
to form a gravity spout. ^ 

Flowing water is, by contrast, constantly c 
in contact with the container. A vertically ori- rt 
ented flow creates a waterwall (Figure 530- 1/1 
3). A smooth plane or the resultant smooth o 
waterwall will derive only subtle highlights O 
from the moving water. A textured plane will ™" 
entrain air and generate an aerated water- 
wall. A horizontally oriented flow creates a Q) 
stream. A flat container of uniform width will flfj 
create a quiet stream similar to a body of still \fi 
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Figure 530-1. Still-water effects. 

water. A turbulent stream is derived by 
increasing the flowrate and/or manipulating 
the sides of the container. 

Cascading water is a combination of 
flowing and falling water. A cascading 
waterwall differs from a smooth or aerated 
waterwall in the sense that water moves 
over a texture comprised of projecting 
forms of sufficient dimension to divert the 
flow laterally or to cause it to spring free of 
the vertical surface, thereby resulting in a 
pattern of free-falling water, flowing water, 
and dry areas. A stepped-form cascade 
directs water over an irregularly stepped 
structure which may vary from a random 
array of natural stone to a precise, geomet- 
ric, often sculptural element. A stepped- 
plane cascade, typified by the waterstair, 
provides a controlled, more architectural 
display, varying from highly aerated to pre- 
dominantly clear as the dimensions of the 
tread increase Stepped pools provide more 
control and give a more formal appearance 
with less aeration than other cascading dis- 
plays (Figure 530-4). 

Spouting Water: Spouting water relies 
on externally applied force to direct water 
through an orifice or nozzle and, working 
with gravity, forms a jet of some configura- 



tion. A dear-column effect is a straight, 
clear, vertical jet complemented by veiling 
peripheral fallback. An aerated mass Is a 
strong, turbulent, Whitewater jet produced 
by combining air and/or pool water with 
the primary stream, using a venturi to 
accomplish the induction. This effect com- 
prises three basic profiles and assumes one 
of three forms: hemispherical, conical, or 
columnar Sprays derive their form using 
droplets rather than a stream or sheet. They 
are available in planar forms similar to irri- 
gation heads or in solid form from near pla- 
nar description to solid cones of 120 
degrees overall spread. Sheet effects are 
generated by forcing the water through a 
fine, linear orifice to generate such forms as 
mushrooms, morning glories, fans, and 
dandelions (Figure 530-5). 

4.2 Characteristics of Various Effects 

Table 530-2 lists characteristics for each 
type of display, or effect. It should be real- 
ized that these evaluations are both gener- 
alized and subjective and that a particular 
characteristic for any display can be rein- 
forced. For example, an increased flowrate 
will improve the visibility, sound level, and 
wind stability but adversely affect the splash 
pattern and energy efficiency of a display. 



Characteristics are subjectively rated on 
a scale of 1 to 4; poor or nominal, fair or 
low, good or moderate, and excellent or 
substantial. 

A nominal sound level is barely percepti- 
ble against the ambient level at an urban 
plaza or shopping mall. A moderate sound 
level is one that ranges up to 75 decibels 
(dB), or roughly the level of sound within 
the cabin of a commercial jet plane. At the 
extreme, large free-falling displays may 
generate sound levels as high as 90 dB. 
Obviously, such levels are not appropriate 
for interior spaces or for areas where peo- 
ple might want to converse. 

A nominal splash might affect a 600 mm 
(2 ft ) radius, while the substantial classifica- 
tion ranges to a radius of 3 000 mm (10 ft ). 

An energy budget must be considered, 
unless the systems do not require motors to 
operate them. A small, moderately active 
system may require a pump of 4.9 to 9.8 
horsepower (hp) (5 to 10 empirical hp). At 
a large scale, with considerable activity, the 
pumping horsepower might range to 398 
hp (400 empirical hp) or more. A larger sys- 
tem may cost 40 times more annually to 
operate than the small system. 

Visibility and wind stability are subject to 
even more variables; accordingly, the ratings 
should be considered as relative, under- 
standing that considerable overlap may 
accrue to combinations of these variables. 

43 Applications 

Still water is a consideration in virtually any 
pool or fountain design, even in those that 
are not intended primarily as still or reflec- 
tive pools. Most designs using moving 
water incorporate still areas as a comple- 
mentary element, and attention should be 
given to the appearance and function of all 
pools when the display system is not oper- 
ating. Still water as a primary element may 
be used in quiet, passive areas to reinforce 
a sense of tranquility, or in active areas to 
impart a sense of formality. 

Free-falling displays and steep cascades 
can provide a high level of activity, visibili- 
ty, and sound in a limited area. For falls of 
1 000 mm (3 ft) or less, a free-falling full 
sheet, an interrupted sheet, or spouts are 
generally preferable. An interrupted sheet, 
spouts, a waterwall, or a cascade will pro- 
vide a display of equal or greater visibility 
for greater heights, while affording consid- 
erable energy savings, less splash, greater 
wind stability, and a sound quality more 
appropriate to confined or interior spaces. 
Free-falls are appropriate for installations at 
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Table 530-2, WATER EFFECT CHARACTERISTICS 



C 

c 

3 
O 



« 

O 

O 

m 
in 



Effect 


Controlling 
Variables 


Visibility 


Sound 
Levels 


Splash 


Wind 
Stability 


Energy 
Efficiency 




REFLECTOR 


Dark container or . 
shallow viewing angle 


Good 


None 


None 


Excellent 


Excellent 


WINDOW 


Light container. 
Steep viewing angle 


Fair 


None 


None 


Excellent 


Excellent 


TEXTURE 


Dark container or 
shallow viewing angle 
Surface disturbance 
(i.e. waves) 


Good 


Nominal 


None unless disturb 
ance rs extreme 


Excellent 


Excellent, unless disturb- 
ance Is extreme 


ACTIVATOR 


Light container and 
steep viewing angle 
Moderate surface 
disturbance 


Fair 


Nominal 


None unless disturb- 
ance is extreme 


Excellent 


Excellent 


FALL EFFECTS - CHARACTERISTICS 


FULL SHEET 


Continuous weir 
Moderate to high 
unit flow rate 


Good 


Low to high with 
increasing flow rate 
and height 


Moderate to sub- 
stantial with increasing 
flow rate and height 


Good 


Poor 


INTERRUPTED 
SHEET 


Intermittent weir. 
Moderate to high 
unit flow rate 


Good 


Moderate 


Substantial 


Good 


Good 


BROKEN SHEET 


Continuous weir. 
Low unit flow rate. 


Fair 


Low 


Moderate 


Fair 


Good 


SPOUT 


Circular discharge opening Good 


Moderate 


Substantial 


Good 


(j! tod 


FLOW EFFECTS - CHARACTERISTICS 


SMOOTH 
WATERWALL 


Polished wall surface 
Low unit flow rate. 


Fair 


Low 


None 


Excellent 


Excellent 


AERATED 
WATERWALL 


Textured wall surface. 
Moderate to high 
unit flow rate 


Excellent 


Moderate 


Moderate 


Good 


Good 


QUIET STREAM 


Low stream velocity 
Shallow shape. 
Gradual changes in 
direction. 


Fair 


Nominal 


Nop, 


Excellent 


Excellent 


TURBULENT 
STREAM 


High stream velocity 
Steep slope 
Abrupt changes 
in direction 


Good 


Low 


Nominal 


Excellent 


Excellent 


CASCADE EFF 


ECTS - CHARACTERISTICS 










CASCADING 
WATERFALL 


Vertical orientation. 
Extreme texture. 


Good 


Moderate 


Substantial 


Good 


Good 


STEPPED FORMS Randomly stepping 

forms or irregular steps 
sloping more than 1:1. 
Moderate to high 
unit flow rate 


Excellent 


Moderate 


Moderate 


Good 


Good 


WATER-STAIRS 


Regular steps sloping 
more than 1:1. 
Moderate unit flow rate. 


Excellent 


Moderate 


Moderate 


Good 


Good 


STEPPED POOLS Random or regularly 
stepped pools. 
Moderate to high 
unit flow rate. 


Good 


Moderate 


Moderate 


Excellent 


Good 
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Table 530-2. WATER EFFECTS CHARACTERISTICS (continued) 



Effect 


Controlling 
Variables 


Visibility 


Sound 
Levels 


Splash 


Wind 
Stability 


Efficiency 


JET EFFECTS - CHARACTERISTICS 


CLEAR COLUMN 


Circular discharge 
opening 

Minimal turbulence 
in stream- 


Good 


Moderate 


Substantial 


Fair to poor 
with increasing 
height 


Fair 


AERATED MASS 


Air introduced 
into stream. 
Mass broadens with 
increasing turbulence 
in stream. 


Excellent 


Moderate 


Moderate 


Fair to good 
with increasing 
height 


Good 


SPRAY 


Discharge passage 
breaks stream into 
droplets 


Good 


Low 


Nominal 


Generally poor- 
varies with droplet 
size 


Excellent 


SHEET 


Linear discharge 
opening 

Minimum turbulance 


Good 


Low 


Nominal 


Poor to lair with 
increasing sheet 
thickness 


Good 



in stream 
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MINIMUM BACK BA^ER: 

25 mm 01! 10°. WHICHEVER 

IB GREATEST. 

OPERATING FREEBOARD: 

60 mm (2") MINIMUM. 

MINIMUM OPERATING DEPTH: 

• VERTICAL FAIL UP TO 900 mm (3'-0"). 
;2Smm(t")f35 9 pm/lf) 

• VERTICAL FALL UP TO 2 40C mm (e-O"). 
f 50 mm (2") (100 jpm/It). 

• VERTICAL FALL OVER 2 WO mm (&'-0"). 
,69 mm [21/2") (ISO spin/If). 



OPERATING WATER LEVEL. 



UPPER CORNER MAY BE ROUGHENED 

TO STRIATE SHEET. INCREASING VISIBILITY 



SPLASH PATTERN: 
APPROXIMATELY 900mm (3'-0") 
MINIMUM OR 0.65 k VERTICAL FALL 
HEIGHT. 



END CONTAINMENT: 

REQUIRED IF LOWER POOL P0E6 

NOT EXTEND AT LEAST 900 mm (S'-CP) 

BEYOND FALL. 300 mm (T O") MINIMUM 

OR APPROXIMATELY 0.2B » VERTICAL FALL 

HEIGHT. 



3 
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Figure 530-6. Still-water design. Figure 530-7. Free-falling or cascading sheet design. 
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MINIMUM BACK BATTER: 2S mm (r) OK 10° 
WHICHEVER IS GREATEST 

STATIC FREEBOARD: 
75 mm (3") MINIMUM 

MINIMUM OPERATING DEPTH: 
t JS mm (I - ) (35 jpinflf) 

OPERATING WATER LEVEL 



BEGIN SURFACE TREATMENT 
AT TANGENT POINT TO WEIR 

MINIMUM RADIU5; 40 mm (1 



SPLASH PATTERN: 

900 mm (3'-0") MINIMUM 

2 400 mm (B'-C) MAXIMUM 

END CONTAINMENT; 
ISO mm (6") MINIMUM 



WATERWALL MAY BE 
VERTICAL OR SLOPED UP 
TO 6° 




MINIMUM BACK BAITER: , 9 mm 
(IM-) TO FACILITATE LEVELING 

STATIC FREEBOARD: 
25 mm I" MINIMUM 

MINIMUM OPERATING DEPTH: 
t6 mm 16 ipmlW) 

OPERATING WATER LEVEL 



MINIMUM RADIUS: 15 mm [V2") 



SPLASH PATTERN: NONE 



END CONTAINMENT; 
25 mm (I") MINIMUM 



WATERWALL MAY BE 
VERTICAL OR SLOPED 



SMOOTH. 



q Figure 530-8. 
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Water-wall design (textured and smooth). 



even greater heights which are to be seen 
through or viewed from both sides, or in 
situations requiring a higher level of sound. 

Smooth waterwalls and broken sheets 
have limited application. A broken sheet is 
generally a complementary or secondary 
element. A smooth waterwall is limited to 
dose viewing, except for very large area 
applications, and does not generate any sig- 
nificant sound. In some installations the 
sound level can be increased by free-falling a 
short distance below the smooth waterwall 

Flatter cascades and streams are used to 
provide a sense of continuity to architectur- 
al and/or landscape elements and to direct 
or interrupt traffic patterns. 

Spouting water provides verticality and 
sound in a flat pool and a sense of source 
or beginning to free-falling, flowing, or cas- 
cading displays Groupings of jets can be 
organized to provide dynamic, sculptural 
compositions. Jets are also used functional- 
ly in lakes and ponds to improve water 
quality through aeration. 

4.4 Design 

Still water effects are a function of contain- 
er configuration, color, material, the influ- 
ence of wind or mechanically generated 
activity at the water surface, and of the sit- 
ing of the pool in relation to vertical ele- 
ments in the immediate environment. 

The container may convey a sense of 
formality by virtue of a regular geometric 
configuration or by the use of a cut, pol- 
ished stone for edge material. Conversely, a 
free-form container with an edge of plant 
material or natural stone appears quite 
informal. If the pool is nonreflective, the 
bottom materials may be articulated in a 
sculptural fashion or as a mural with care- 
fully designed patterns of tile, pavers, or 
cobbles. A finer texture (smaller units) will 
make better use of surface rippling and 
reflected sunlight 

Reflectivity is generated by dark contain- 
er surfaces or opaque water, which absorb 
rather than reflect light in conjunction with 
an undisturbed water surface. The pool 
must be sited to reflect the desired vertical 
elements at logical observer positions, as 
illustrated in Figure 530-6. Opaque water 
can be achieved by using dyes or allowing 
the controlled growth of algae and plants in 
a biologically balanced system. A disturbed 
surface may be generated by prevailing 
winds or can be introduced mechanically by 
employing small, closely spaced jets, aimed 
horizontally, near the surface of the water 
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MINIMUM BACK BATOR j9»» (1/4") 
TO FACILITATE LEVELING 

STATIC FREEBOARD; TO mm (S"> 
MINIMUM 

MINIMUM OPERATING DEPTH: 
j-25 mm ft") (35 apm/lf) 




1:1 MINIMUM, TREAD WIDTH- 
300 mm (1'-0") MAXIMUM. 100 MM 
(4") MINIMUM. OPTIMUM H/V = 1.1 
TREAD WIDTH 190 mm (6") 

2- FALL OVER FIR6T VERTICAL IS 

GENERALLY NOTICEABLY OEAK* 
UNIFORM WHITEWATER EFFECT 
BEGIN5 WITH SECOND FALL 



Figure 530-9. Waterstair cascade design (stepped planes). 



Design Criteria for Various Effects: 

Free-Falling Sheet and Waterwall: Figure 
530-7 shows design criteria for a free- 
falling sheet. This detail is appropriate for 
all free-falling and cascading effects except 
gravity spouts and cascading waterwalls 
Figure 530-8 shows criteria for textured 
and smooth waterwalls. The back- battered 
weir is used for a number of reasons. 
Concrete can be finished to the front 
(downstream) form, which can be leveled 
using instruments, generally resulting in an 
acceptable ± 3 mm (1/8 in) tolerance along 
the entire weir. High spots can readily be 
ground level along the ridge created by the 
sloped configuration if tolerance cannot be 
maintained. Water occupies the entire hor- 
izontal plane when the fountain is off, gen- 
erally resulting in a more desirable relation- 
ship with the container. The slope also 



moderates the sudden increase in velocity 
that causes water to draw down sharply at 
the back edge of a flat weir, interrupting 
the continuity of the horizontal plane. The 
color of the weir and vertical surfaces 
should be as dark as possible to facilitate 
perception of the water movement by the 
contrast and reflection from the sheet itself. 
The knife-edge weir used for free-falling 
water causes the sheet to break free of the 
structure and may easily be roughened to 
cause striations at the back of the sheet to 
increase visibility. The radius used for the 
waterwall weir works in conjunction with 
the back batter to direct the water onto the 
waterwall, 

Waterstair: Figure 530-9 shows specific 
criteria for a waterstair. These criteria gen- 
erally apply to all stepped-form or stepped- 
plane cascades, except that the criteria for 



splash should be projected for the highest 
free-fall. 

Streams, like still water, assume a form 
defined by the container whereby the form 
primarily determines the level of activity 
Figure 530-10 shows five ways to increase 
the level of activity by increasing the veloc- 
ity and/or introducing turbulence which 
increases the visibility and sound level in a 
stream. 

The character and flow requirement of a 
waterwall will be determined by the finish 
of the material over which the water flows. 
A very smooth surface such as glass, sheet 
metal, or polished stone achieves maximum 
visibility, using the surface tension of the 
material to create a standing wave effect 
with a very nominal flow. Too much flow 
will substantially reduce the visibility. An 
intermediate texture such as troweled con- 
crete or thermal-finish stone also reduces 
visibility by moderating the effect of sur- 
face tension. The minimum textural articu- 
lation required to generate an aerated 
waterwall is on the order of 5 to 10 mm 
(1/4 to 3/8 in), and the transitions must be 
sufficiently abrupt to entrap air. The most 
common and predictable method to 
achieve this textural quality is exposed 
aggregate concrete, using carefully graded 
aggregate with the matrix retarded 5 to 10 
mm (1/4 to 3/8 in). Other methods include 
bush-hammered concrete or stone, cor- 
belled brick or tile, and horizontal saw cuts 
with random areas broken out. 

Finishes at joints in weirs and waterwall 
surfaces should be as nearly flush as practi- 
cal to avoid localized streams breaking free 
of the wall and to avoid air pockets 
between the wall and the water. 

There are several critical considerations 
in the design of spouting (jet) displays. The 
variability in wind velocity and direction for 
outdoor installations is most readily accom- 
modated by designing the pool/jet combi- 
nation to provide a clear radius equal to the 
height of the jet to any point beyond the 
pool. A wind control system should be 
employed if the immediate surroundings 
include a building or heavy pedestrian or 
vehicular traffic. Splash is usually a sec- 
ondary consideration with outdoor dis- 
plays, since the normal pattern is only 
1 000 to 1 500 mm (3 to 5 ft) and is more 
than adequately accommodated by the 
clearances required for height. The splash 
pattern is the prime determinant of the jet 
placement/clearance requirement for inte- 
rior spaces and low jets. 
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AS THE STREAM CROSS-SECTION 
DECREASES. THE VELOCITY OF 
ANY GIVEN VOLUME WILL 
INCREASE IN DIRECT PROPORTION 



NARROWER 
CROSS SECTION DECREASES 




A5 THE SLOPE INCREASES. THE 
VELOCITY OF THE STREAM 
INCREASES. DEPTH DECREASES 



SLOPE INCREASES 
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A HEAVY TEXTURE ON THE BOTTOM 
ANP;OR 6IDE5. PARTICULARLY 
IN CONJUCTION WITH HIGH 
VELOCITY WILL CAUSE 
SUBSTANTIAL TURBULENCE 



TEXTURE ROUGHENS 




AS THE STREAM CHANGES 
DIRECTION THE FLOW TO THE 
OUTSIDE SPEEDS UP TURBULENCE 
INCREASES 



DIRECTION CHANGES 



OBSTRUCTIONS INTRODUCED 



AS THE STREAM ENCOUNTERS 
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530-10. Turbulent stream design. 
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Figure 530-11. Water effects sketch. 



Accommodations of Mechanical System: 

Accommodations to be considered in the 
mechanical system include the following. 

Adjustability: Most jets are oriented ver- 
tically, but arching and horizontal variations 
are used. Adjustability is generally desirable 
for either application. Adjustable swivel 
joints are available with a range of 15 to 20 
degrees about the center through a full 
360-degree arc. These swivels are available 
for supply pipe sizes from 3 mm (1/8 in) 
through 100 mm (4 in). 

Multiple-Jet Display: Jets are often 
employed in groups. A few loosely spaced 
jets are generally piped individually with a 
balancing valve for each to allow for vary- 
ing heights and/or differences in pipe and 
fitting losses. A plenum arrangement, often 
called a pod or cluster, may be used for 
singly massed displays. A spray bar or spray 
ring may be used for closely massed group- 
ings, depending upon the configuration. 
The flow is sufficiently balanced with these 
singly or closely massed groups, and bal- 
ancing valves are only required if varying 
heights are desired. 

Debris: A jet display is more readily 
affected by waterborne particulates and 
debris and variables in the pumping system 
than are other types of displays. They will 
require more day-to-day maintenance and 
more frequent repairs than still or falling 
water. Important initial design criteria are 
the selection (1) of a pump strainer with 
perforations smaller than the smallest jet 
orifice and (2) of a pump with characteris- 
tics that will afford a constant display 
throughout the normal range of strainer 
loading. 

Surge Collar: Submerged jets, such as a 
cascade or bubbler, often generate wave 
patterns that periodically cause flooding. 
This exposes the submerged jet, thereby 
generating more waves which could 
exceed the confines of the pool, or at the 
very least causing a major change from the 
intended display. This can be countered by 
installing a perforated collar (i.e., a surge 
collar) with a diameter at least twice that of 
the ]et, placing it concentrically around the 
jet at or slightly below water level- 
Straightening Vanes: In situations where a 
single jet requires flowrates in excess of 3 750 
Lpm (1000 gpm), or where the installation of 
the jet precludes a clear vertical feed equal to 
5 times or more the nominal diameter of the 
supply pipe, straightening vanes may be 
required. If the situation is marginal, merely 
provide for a retrofit. 
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Water effects are typically grouped into two basic categories: (1) still water and (2) 
moving water. Moving water includes free-falling, flowing, cascading, and jet dis- 
plays. Table 530-2 lists characteristics for each type of effect. Design considerations 
include the following: 

1 . Still water effects are a function of container configuration, color, material, the influ- 
ence of wind or mechanically generated activity at the water surface, and of place- 
ment. 

2. The character of a waterwall will be determined by the finish of the material over 
which the water flows. Smooth surfaces achieve maximum visibility. Textural articu- 
lation of 5 to 10 mm (1/4 to 3/8 in) may be used for aerated waterwalls. 

3. The variability in wind velocity and direction for jet displays is accommodated by 
designing a pool with a radius equal to the height of the jet. 

4. Jet displays are higher maintenance than are other types of displays because they 
are more readily affected by waterborne particulates, debris and variables in the 
pumping system. 

5. Displays with longer transit time for water, typically require less water volume to 
maintain desirable flow rates. 



4.5 Maximization of Water Effect 

The transit time, volume, and readability 
should all be maximized to optimize the 
impact of any given flowrate, to minimize 
the cost, and to conserve energy, if a recir- 
culating system is used. 

Transit Time: 

Transit time is probably the single most 
important factor in designing with water. 
The longer the water is kept m play (transit 
time), the greater will be the effect 
achieved at any given flowrate For exam- 
ple, water is introduced to one end of a 
cascade 90 000 mm (300 ft) long and 
4 500 mm (15 ft) high, then recirculated 
from the other end. If an average stream 
velocity of 600 mm/s (2 fps) is assumed, 
the water will take 2-1/2 minutes to tra- 
verse the system. If 1 500 Lpm (400 gpm) 
is recirculated, there will be 3 750 L (1000 
gal) of water in motion. In contrast, consid- 
er a sheet or spout of water free-falling 
4 500 mm (15 ft); under the influence of 
gravity this water will reach the lower pool 
in approximately 1 second. At this extreme, 
225 000 Lpm (60,000 gpm) would have to 
be pumped to maintain the same 3 750 L 
(1000 gal) in motion. 

Air Entrapment: 

White water is generated by creating suffi- 
cient turbulence in a sheet or stream to 
entrap air, or by artificially introducing air to 
the display. The entrained air provides addi- 
tional volume for any given flowrate and 
further increases visibility by reflecting a 



much greater component of natural or arti- 
ficial light. This technique is employed for 
most cascades and for aerating jets. 

Readability: 

Further impact is achieved by maximizing the 
surface area, optimizing the exposure to nat- 
ural or artificial light, and using dark, con- 
trasting materials in and around active water. 

4.6 Optimization of Water Effect 

The effect of a water display may be fur- 
ther optimized by graphic and model stud- 
ies, observation of similar effects, prototype 
testing, and field adjustment of the com- 
pleted system. 

Graphic and Model Studies: 

Graphic and model studies are an excellent 
way to study the scale and massing appro- 
priate for the container, the integrated 
structures, and the immediate environ- 
ment. These studies can further serve as a 
basis for quantifying the effects and for 
communicating with clients and other 
members of the design team. Figure 530- 
1 1 is a copy of an early sketch prepared by 
Angela Danadjieva for Ira's Fountain 
(Portland Auditorium Forecourt Fountain, 
Portland, Oregon), which served as a basis 
for the development of models and for 
early structural and hydraulic studies. 

Observation of Precedent: 

Observation of similar effects to be used 
will serve to confirm visual characteristics as 



well as sound levels, splash patterns, and 
the overall feel of the display. 

Prototype Testing: 

Hydraulic testing is used to determine the 
feasibility and design criteria for prototypi- 
cal effects and /or to fine tune such items as 
weir configuration, splash containment, 
and waterwall textures. Tests may be con- 
ducted at the designer's office, on the con- 
struction site, or at an established testing 
facility, such as a manufacturer's test pool 
or a university hydraulics laboratory. The 
testing program should be witnessed and 
evaluated by the designer, consultants, and 
appropriate construction personnel. 

Tests must generally be conducted at full 
scale, since hydraulic factors such as surface 
tension are constant or vary in a nonlinear 
fashion. For most testing, a single spout, a 
short length of weir, or a small area of water- 
wall surface is adequate for evaluation. 

The construction of the test assembly, 
the variables to be evaluated, and the per- 
formance criteria should be carefully speci- 
fied prior to testing in order that each item 
such as weir profiles, surface textures, 
waterwall joints, drip notches, pool depths, 
splash patterns, and jet heights can be eval- 
uated as fully as possible. Where appropri- 
ate, two or three variations of each critical 
item should be tested. 

Field Adjustment: 

Field adjustment, including modifications 
where necessary, is extremely important, 
since each installation is a prototype and 
must finally be evaJuated in place. This 
effort should include consultants and con- 
struction personnel as well as the designer 



5.0 CONTAINERS AND 
STRUCTURES 



The pool may evolve in a number of ways. 
It can be a primary landscape form working 
with space and/or structures, an envelope- 
sized (or contorted) to contain a precon- 
ceived display element, an amenity to 
derive a density bonus for an expensive 
Manhattan parcel, or a filler to make use of 
an odd area on a plaza or mall or of the 
space under an escalator. It can even be a 
nonpool, that is, a display integrated into 
the paving or walls, with no visible reservoir. 

Each of these suggests a design direction 
in addition to Imposing constraints. Other 
factors affecting the design include the 
environment, construction budget, appro- 
priate materials, and governing codes. 
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Figure 530-12. Edge conditions. 



5.1 Environment 

A number of contextual variables within 
the designed and natural environment dic- 
tates further design direction. Among these 
are scale, setting, climate, location, and sur- 
rounding materials. 



Scale: 

Scale is perhaps the most important of the 
contextual variables, and an aesthetically 
viable water display must in some way relate 
to the scale of its surroundings. This need 
not be the scale of the entire space, howev- 
er. The water display often relates to a space 
that is a component of the larger space, as 



with a small fountain in a bosque of trees or 
on a dining terrace. Once this relationship is 
established, scale and proportion among the 
parts of the fountain itself are equally impor- 
tant. Displays should relate properly to the 
pool, and if the display includes structure, 
the water massing must be adequate and 
complementary in character. 

Setting: 

The configuration, edge condition, materi- 
als, and display itself will be influenced by 
the formality of the designed environment 
A very formal setting will lead to strongly 
geometric shapes, hard edges, and more 
refined materials. Conversely, a naturalistic 
setting will direct the design toward more 
organic shapes, soft edges, and nonex- 
pressed construction materials. Most of 
these matters will likewise be influenced by 
whether the pool is indoor or outdoor, 
urban or suburban, commercial, residential, 
or institutional. 

Topography: 

It is usually difficult from a design stand- 
point, and expensive, to install a large 
reflecting pool on a steeply sloping site or a 
major fall on a flat site. A more viable solu- 
tion, accepting the goal of reflectivity on 
the steep site and verticality on the flat site, 
might be a series of interconnected ponds 
or rectilinear trays for the former, and a 
massive composition of jets for the latter. 



Climatic variables are quite important con- 
siderations for an outdoor installation. 
Prevailing winds, sunshine frequency and 
orientation, and temperature extremes can 
offer direction as well as constraint. Long, 
hot summers suggest cooling displays, per- 
haps even a participatory design. Severe 
winters dictate a 4- to 6-month shutdown, 
necessitating that configurations, materials, 
display structures, and particularly hard- 
ware be carefully considered both with and 
without water. In many instances a non- 
pool, as mentioned earlier, is an excellent 
answer to protracted winter shutdown. 
Other wintertime solutions include a pool 
that doubles as a skating rink, and ice forma- 
tions which complement display structures. 

Support Medium: 

A number of potential constraints must be 
investigated for pools, whether they are 
built above-structure or on-grade. An 
above-structure solution is generally the 
more difficult to work with, as there are 
usually very definitive limits to depth and 
weight, and waterproofing must be very 
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Figure 530-13. Pool design. 

carefully addressed. An on-grade installa- 
tion requires considerably less attention to 
waterproofing, as minimal leakage does 
not usually present a problem. Soil stability 
must be carefully investigated, however, as 
even nominal differential settlement may 
have a substantial effect on the pool, par- 
ticularly if it involves long weirs and water- 
walls. If the soil is expansive, an underdrain 
system should be considered. 

Surrounding Materials: 

If the water display is used as a primary ele- 
ment rather than as a complement to the 
pool, it is often desirable to minimize the 
presence of the container and any support 
structure for the display by integrating it into 
the immediate surroundings. Continuity of 
material is probably the single most impor- 
tant element in accomplishing this end. 

5.2 Construction Budget 

Construction budget considerations may be 
beyond the scope of this section however, 
it should be recognized that I fountain is a 
very expensive element in the landscape. 
To proceed with any design without both 
the designer and the owner recognizing the 
potential costs may be a waste of time. A 
few examples are cited below to help 
broadly bracket these costs: 



The mid -1990s cost in the United States 
for a simple recirculating fountain of 9.3 m J 
(100 ft-') or less, using a submersible system 
to generate a display of 375 Lpm (100 
gpm) or less, would be on the order of 
$15,000(1997 U.S.). 

The mid-1990s cost for a fountain of 
about 93 m J (1000 ft J ). with recirculated 
water and a display flowrate of 1125 to 
3750 Lpm (300 to 1000 gpm), would be 
on the order of 5250,000 to S 300,000 
(1997 U.S.). 

At the extreme, a good number of foun- 
tains were constructed in the late 1960s, 
1970s, and 1980s, at a cost exceeding $1 
million each. 

5.3 Materials 

There are a variety of materials appropriate 
for the construction of pools and displays. 
Installations seeking a natural appearance, 
may use a native soil material, if it is suffi- 
ciently impermeable, or a clay or flexible 
liner with nominal edge treatment. The 
more formal and primarily urban installa- 
tions could incorporate choices of concrete, 
stone, brick, and in the case of smaller 
installations, wood, metal, or fiberglass 
(refer to Division 800: Materials, for techni- 
cal data about these materials). 



Native Soil and Clay: 

Generally, these are used for large ponds, 
lakes, and reservoirs, and as such are some- 
what beyond the scope of this discussion, 
offering geotechnical problems that must 
be expertly addressed on a project- by- pro- 
ject basis. Flexible liners are simply water- 
proofing membranes (refer to 5.5 
Waterproofing in this section and section 
880: Ceotextiles for further information). 

Concrete: 

Concrete is probably the most commonly 
used material for urban installations. It is 
durable, economical, reasonably water- 
proof, and amenable to a wide range of 
configurations, finishes, and construction 
techniques, including cast-in-place, precast, 
and sprayed (gunite). 

Cast-in-place concrete can be enhanced 
by the addition of integral color or finished 
with a variety of textures, including 
exposed aggregate, bush hammering, or 
random formboard. It could be coated or 
veneered, using epoxy paint, tile, or stone. 

Precast concrete may be used for display 
structures or for the pool itself where pre- 
cise control of the configuration, dimen- 
sion, or surface is required. The only draw- 
back is that the joints between sections 
must be waterproofed in pools or bowls. 
And m the case of a weir or waterwall, 
where a depressed or raised joint might 
cause irregular flow, the joint must be both 
waterproof and flush. 

Sprayed concrete, or gunite as it is com- 
monly called, is generally used where a free 
form or naturalistic form is required, or on 
structures where the light weight of forms 
created by spraying gunite over wire mesh 
or expanded metal lath are an asset 
because of marginal load-bearing capacity. 

Stone: 

Widely used, stone imparts a richness and 
permanence difficult to achieve with con- 
crete. Granite is by far the most common 
and appropriate stone for fountain use. 
Where possible, the stone should be dark 
to enhance the reading of moving water 
and the reflectivity of still water. 

Stone may be expressed as cut, finished 
material in either monolithic or veneered 
form, or as naturally occurring boulders, 
slabs, or smaller stones. With cut material, 
polished finishes are generally best, since 
rough or honed finishes, particularly with 
dark stone, tend to read differently wet and 
dry, magnifying the presence of overspray 
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Figure 530-14. Waterproofing. 
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Figure 530-15. Waterproofing. 



and other misdirected water — which is vir- 
tually unreadable on a polished surface. 

Brick: 

Brick generally provides a finish intermedi- 
ate to concrete and stone in terms of both 
cost and aesthetics. It integrates well with 
brick paving and structures and can be artic- 
ulated to generate Whitewater waterwalls 
or cascades. Brick generally requires sealing 
unless glazed, and. as with precast concrete, 
joints at weirs and waterwalls must be care- 
fully controlled, generally flush. 

Wood, Metal, and Fiberglass: 

Each of these materials offers inherent 
advantages for use in smaller installations 
and structures within the pool. Wood 
absorbs water, sealing the joints as it 
expands, and is inexpensive and simple to 
construct. Metal, either cast or fabricated 
from sheets, is waterproof and offers a rich- 
ness and permanence equivalent to that of 
stone. Suitable metals include bronze, 
brass, copper, and stainless steel Fiberglass 
is waterproof and may be integrally colored 
or filled with ground or crushed stone for 
situations on a structure where, as with 
gunite, the light weight is required to 
accommodate a marginal load-bearing 
capacity. Fiberglass can also be used to 
resurface or repair existing pools. 

5.4 Cross-Sectional Configuration 

There are several aspects of cross-sectional 
configuration that must be considered in 
addition to the shape of the water feature 
as seen in plan. These include the relation- 
ship to plaza level and the edge conditions, 
depth, and freeboard. 

Relationship to Plaza Level: 

Both the rim and water level elevations are 
very important considerations. For instance, 
the more a rim is elevated, the more it tends 
to break up the visual continuity of the sur- 
rounding space and focus the viewer's 
attention on the pool itself. This often 
reduces the visual impact of the display 
and/or reflected images. On the positive 
side, the elevated rim may be used for seat- 
ing and for keeping out dust and debris 
blown in from the surrounding plane. It can 
also serve as a barrier to prevent accidental 
walking or falling into the pool. 

An elevated water level is often appro- 
priate to provide a desired field of reflec- 
tion. An at-grade water level, particularly 
with a still pool, will integrate the pool into 
the surrounding plane. A depressed water 
level will strengthen the impact of the dis- 
play, much like the nonpool will. 
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Figure 530-16. Submersible fountain system. 



Edge Conditions: 

Figure 530-12 shows a number of typical 
edge conditions. A cantitevered inner edge 
is probably the detail used most often. It 
serves to contain the waves generated by 
the wind or the display and will conceal any 
stains caused by normal variations in the 
water level Critical dimensions are shown 
in Figure 530-13. 

The stepped recess, the wall, and the 
warped paving tend to integrate the pool 
with its immediate environment, minimiz- 
ing its impact on the space and maximizing 
the impact of the display. The rounded 
edge and the trough detail allow the water 
level to be at or above plaza level, express- 
ing the entire body of water as a dynamic 
display element. 

Hard-planted edges (Figure 530-12) are 
accomplished by back -battering the pool 
edge in such a fashion that the planted 
plane can be carried up to the point of 
intersection with the plane of the pool 
wall. A soft-planted edge extends the 
plant material to the waterline and is often 
used in an earth-bottomed pool or in one 



having loosely set cobbles or sprayed con- 
crete edges. It is usually employed in the 
construction of naturalistic streams, ponds, 
and lakes. 

Depth, Freeboard, and Clearance from 
Displays: 

Figure 530-13 shows the primary consider- 
ations for a pool with a single level or for 
the lower pool of a multilevel design, The 
freeboard for the upper pool's falling or 
cascading water is discussed for various dis- 
plays in 4.0 Water Effects in this section. 

Depth: The pool depth generally varies 
between 300 and 450 mm (12 and 18 in). 
In the United States, 450 mm (18 in) is the 
maximum recommended depth because 
interpretation of the Uniform Building 
Code generally leads to the conclusion that 
anything of greater depth can be consid- 
ered a swimming pool, as opposed to a 
wading pool. 300 mm (12 in) is generally 
the minimum depth required to provide for 
a satisfactory return system and to sub- 
merse wall-mounted and freestanding pool 
lights properly. Source pools usually need a 
minimum depth of 300 mm (12 in) for a jet 



or nonexpressed source. Algae growth is 
enhanced by increased heat and ultraviolet 
light as the depth decreases in outdoor 
installations. Most jurisdictions will accept a 
gradual slope or steps to a deepened cen- 
tral area in a large pool or pond or lake. 

Freeboard: Freeboard requirements vary 
as a function of the edge condition. With a 
cantilevered or stepped edge, the free- 
board need only be an inch or so below the 
cantilever or tread to allow for nominal 
fluctuations in water level. Adequate free- 
board is inherent to the wall edge; the 
trough water level at the rounded edge 
should allow at least 150 mm (6 in) of free- 
board, the hard-planted edge should have 
minimum freeboard of 75 mm (3 in), and 
the soft-planted edge made of loosely set 
cobbles, and gunite edges should extend to 
at least 150 mm (6 in) above the highest 
water level. 

When multiple levels are involved, the 
lower pool will have two different water 
levels— the static, or nonoperating, level 
and the operating level, which will be 
lower. The difference is due to the water 
that is built up behind the weirs, etc, dur- 
ing operation, which will ultimately reach 
the lower pool when the fountain is not 
operating. If the flowrate and weir lengths 
are known, this amount can be calculated 
by first determining the area of each pool 
and then determining the depth over the 
weir(s), using Table 530-3. 

Clearance from Displays: Where possi- 
ble, all displays (fountains, etc.) should be 
set back from the pool edge to a distance 
equal to or greater than the splash pattern 
or jet clearance, as described above in 4.0 
Water Effects. Where pool edges are flush 
with the paving, an additional margin of 
safety should be obtained by sloping the 
pool rim and/or adjacent surfaces from a 
point at least 600 mm (2 ft) beyond the 
necessary clearance back toward the pool. 

5.5 Waterproofing 

Measures needed for waterproofing 
depend upon whether the pool is on-grade 
or on-structure above a functional area in a 
building. 

On-Grade: 

Unless there is a critical area immediately 
adjacent, or an unusual soil condition 
where even nominal leakage might present 
a problem (such as in areas of expansive 
soils), waterproofing is usually confined to 
the proper mixing and vibrating of the con- 
crete in conjunction with waterstops at slab 
joints and pipe penetrations (Figure 530- 
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Factors affecting the design of water features include Its purpose, the environment, construction budget, appropriate materials, and 
governing codes. 

1. Hot climates suggest cooling displays, while cold and temperate climates dictate a 4 to 6 month winter shutdown, which may suggest 
non-pool design or alternative cold-weather uses. 

2. On-structure pool and fountain design may be limited by concerns for weight and waterproofing. On-grade design may require 
underdrains if soils are expansive, to avoid differential settlement. 

3. Native soil or clay materials may be used in pool design to achieve a "natural" appearance. More formal installations may incorporate 
concrete, stone, brick, wood, metal, or fiberglass 

4. In the United States, 450 mm (18 in) is the maximum recommended pool depth in order to avoid being classified as a swimming 
pool. A depth of 300 mm (12 in) is generally the minimum depth to provide a satisfactory return system, display jets, and submersible 
pool lights. 

5. Freeboard requirements vary as a function of the edge condition. Cantilevered or stepped edges require only about 25 mm (1 in), 
whereas soft-planted edges or rounded edges with troughs should allow at least 150 mm (6 in). 

6. Where pool edges are flush with the paving, an additional margin of safety should be obtained by sloping the pool rim and/or adja- 
cent surfaces from a point at least 600 mm (2 ft) beyond the necessary clearance back toward the pool 



14). Additional protection may be provided 
by plastering or tiling the surface or by 
coating the pool with an epoxy paint or 
elastomeric coating. 

On-Structure: 

Waterproofing is accomplished by coating 
the inside of the basic pool structure with a 
waterproof membrane, usually the fluid- 
applied types. Sometimes a hot-mopped 
felt membrane is used; in rarer instances, 
lead, copper, or stainless-steel liners with 
soldered or welded joints are used. 
Waterproofing should be protected from 
physical damage, terminated above the 
static water level, and run continuously 
behind waterwalls and weirs. Figure 530- 
1 5 shows typical pool and pipe penetration 
waterproofing. 



6.0 OPERATING SYSTEMS 



There are two basic ways to operate deco- 
rative pools and fountains. The oldest and 
often the most cost-effective and reliable 
method is to use natural sources of water 
and let the water flow through rather than 
be recirculated through the system. This is 
typically accomplished by the use of water 
from flowing streams, springs, or artesian 
wells, from gravity-operated irrigation sys- 
tems, or from elevated water tanks and 
impoundments. 

The second way is through the use of 
mechanical motors and pumps and typical- 
ly involves recirculation of the water. This 
section covers only this second method of 
operation and provides data on two types 
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Figure 530-17. Schematic fountain diagram. 
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Figure 530-18. Display system diagram. 



of mechanical systems— the submersible 
pump (located within the pool .md below 
the water) and the remote pump (located 
outside of the water and pool) Each of 
these two approaches is described below. 

6.1 Submersible Systems 

The submersible system is generally limited 
to installations of 9 m J (100 tt J ) or less in 
areas that are drained, cleaned, and filled 
every few days in lieu of filtering. Other 
potential applications include larger, biolog- 
ically balanced pools with minimal displays 
or temporary, portable, or seasonal displays. 
The primary concerns with submersible sys- 
tems are maintenance and electrical safety. 
A remote system should be used if the pool 
requires filtering rather than periodic drain- 
ing, cleaning, and refilling. 

A typical submersible system is shown in 
Figure 530-16. Located in the floor of the 
pool, it comprises (1 ) a sump with a grating 
and large mesh screen to protect the pump 



and intercept larger debris and leaves; (2) a 
submersible pump with noncorrosive pip- 
ing to the display, along with appropriate 
electrical connections; (3) a drain, which 
often has a standpipe extended to the sur- 
face to double as an overflow; and (4) a 
submersible junction box for the electrical 
connection. The drain can be omitted and 
the pool simply siphon-drained in the sim- 
plest of systems A niche-mounted float 
valve can be installed, in a slightly more 
sophisticated system, eliminating the need 
to top up the pool periodically. The same 
niche assembly can be purchased with an 
adjustable overflow standpipe to stabilize 
the water level further. 

6,2 Remote Systems 

Figure 530-17 illustrates the essential ele- 
ments to consider in the design of a remote 
fountain system. The system, as shown, 
may appear complex; however, it compris- 
es several modules, or subsystems, which 
are only marginally interrelated and which 



in their most basic form are quite simple 
and understandable. These subsystems 
include display (Figure 530-18), filtration 
(Figure 530-19), fill/makeup and over- 
flow/drain (Figure 530-20). 

6.3 Equipment Space 

The system design and the equipment 
selected will depend in great measure on 
the location and configuration of the 
equipment space. A number of interrelated 
considerations are required in order to opti- 
mize an equipment space; the most impor- 
tant of these are elevation, location, size, 
and configuration. 

Elevation: 

Elevation is the single most important con- 
sideration with regard to the equipment 
space. The floor elevation of the space 
should be at least 600 mm (2 ft ) below the 
lowest water level in the pool in order to 
provide a flooded suction for the pump. If 
no viable space can be found, a vertical 
pump inserted into a large pipe or sump 
below the floor should be considered. If a 
pump is started automatically each day, any 
location above water level (suction lift) will 
be an ongoing maintenance headache, 
since the pump will periodically air-lock and 
must, at the very least, be protected with a 
flow switch or similar device. 

Location: 



If at all possible, the equipment space 
should be located within a building or a 
structure that has horizontal access for 
maintenance personnel and equipment 
removal. The location should be as close as 
possible to the pool — or to the lowest pool 
in a multilevel situation. Distances of 30 to 
45 m (100 to 150 ft) are acceptable for an 
installation with piping of 150 to 200 mm 
(6 to 8 in) or smaller, but anything over 15 
to 30 m (50 to 100 ft) for large piping 
becomes expensive. Adequate provision for 
access, equipment removal, waterproofing, 
draining, and ventilation must be provided 
if a subterranean vault with a vertical 
access hatch is used. 

Size and Configuration: 

The dimensions of the equipment space 
must be adequate to provide access to all 
equipment and valves. They must also pro- 
vide for the code-required clearances 
around electrical equipment, as established 
by local building codes. Generally, a mini- 
mum size is 2 200 iran' (75 ft J ), commonly 
ranging up to 1 200 rrr (400 ft J ) for larger 
installations. The ideal configuration is 
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Submersible pumps and larger remote systems are the two mechanical methods for 
recirculation of water in pools and fountains. Selection of an appropriate system 
depends on the siie, application, and budget of the proposed display. 

1 . Submersible pumps are generally limited to installations of 9 m 2 (100 ft?) or less in 
areas that are drained, cleaned, and filled every few days in lieu of filtering. 
Maintenance and electrical safety are the primary concerns with these systems 

2 In remote systems, the equipment space should be as close as possible to the pool, 
and the floor elevation should be at least 600 mm (2 ft ) below the lowest water 
level in the pool in order to provide a flooded suction for the pump. 

3. Filter systems are used to remove particulates from the water and return it to the 
pool (Figure 530-19). 

4. The fill/makeup system establishes the static water level (in conjunction with the 
overflow) and maintains the operating water level (Figure 530-20) 

5. The overflow/drain system establishes the static water level (in conjunction with the 
fill system) and provides for draining of the pools, piping, and equipment (Figure 
530-20) 



broadly rectangular or square with no 
dimension less than 2 400 mm (8 ft). 

Accommodations: 

A properly designed equipment space 
should have a floor drain and/or a sump 
pump to handle water from strainer clean- 
ing, repairs, etc. It should be ventilated to 
maintain a reasonable temperature and to 
control humidity. It should also have mini- 
mal heating (if needed to prevent freezing), 
power outlets for movable lights and small 
tools, and overall electric lighting of 538 to 
807 Ix (50 to 75 fc) to facilitate routine 
maintenance. 

6.4 Alternative Water Display 
System 

Alternative water display systems include 
non-pool fountain schemes (Figure 530- 
21), and pool fountains with perimeter 
overflow (Figure 530-22). 

6.5 Support Systems 

The group of support systems are subsys- 
tems used to help maintain the quality and 
level of the water in the pool and to facili- 
tate cleaning. 

Filter System: 

The fitter and treatment systems are shown 
on Figure 530-19. The filter system uses a 
circulating pump, a line strainer, and shut- 
off, check, and throttling valves, just as the 
display system does. One of the most com- 
mon systems returns the water to the pool 
through a filter medium consisting of fine 
silica sand supported on a base of heavier 
sand and gravel. This medium is contained 
in a steel or fiberglass tank. It is generally 
considered a permanent installation. 
Trapped particulates can be removed from 
the finer sand by reversing the flow 
through the medium (called backwashing) 
and discharging the effluent to the sanitary 
or stormwater drain system. The return 
water from the pool can be routed through 
the display return system or through a sep- 
arate fitting. 

Item 3 is the filter package, which 
includes the strainer, circulating pump, filter 
tank, and filter media. Item 6 is the supply 
(effluent) fitting for the filter system and is 
often used to add fill/makeup water. In a 
fountain with a nonexpressed source, this 
water may be returned through a display 
system supply fitting. Item 7 is the filter 
backwash line. 
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Figure 530-30. Water supply/drain/level control system diagram. 



Fill /Makeup and Overflow/Drain 
Systems: 

Fill/makeup and water supply/drain/level 
control systems are shown on Figure 530-20. 

The fill/makeup system establishes the 
static water level (in conjunction with the 
overflow) and maintains the operating 
water level. Item 1 is the water supply, usu- 
ally connected to the domestic water sys- 
tem. Item 2 is a backflow preventer, 
required by code when the supply is 
derived from the domestic water supply (in 
the absence of an air gap) to prevent back 
siphoning of potentially contaminated 
fountain water back into the domestic 
water supply. Generally installed in the 
equipment space, below-grade and/or 
below the pool's water level, it requires a 
reduced-pressure-type device. Item 3 is a 
solenoid-actuated valve, used in conjunc- 
tion with the water level controller to 
establish or maintain appropriate water lev- 
els. Item 10 is the water level controller, 
which is discussed in subsection 9.6 Water 
Level Control. 

The overflow/drain system establishes 
the static water level (in conjunction with 
the fill system) and provides for draining of 
the pools, piping, and equipment both for 
cleaning and for shutting down the pool 
and fountain in climates where the water 
could freeze and thus cause problems. Item 
4 is a drain fitting, used to remove water 
from the various pools to facilitate cleaning 
and equipment maintenance. Pools with 
return or supply fittings may be drained at 
the equipment room via the piping to these 
systems; they may be drained either at the 
primary fitting or through an auxiliary drain 
fitting installed at the low point in the pool. 
Each pool level in a multilevel installation 
requires a drain fitting. Item 7 is the over- 
flow fitting, used to remove excess water 
resulting from rainfall, irrigation runoff, or a 
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Figure 530-21. Non-pool fountain diagram. 



malfunctioning fill/makeup system. Item 9 
is the sewer or outlet connection. Most 
local health codes require that the effluent 
from a filter should be treated as any other 
sanitary waste. The overflow drainwater 
can be treated as any other on-site 
stormwater runoff. 



7.0 EQUIPMENT AND PIPING 
SELECTION 



Tables 530-3 through 530-6 have been 
included to reduce most required data to 
chart or nomograph form. Table 530-3 
shows flowrates for weirs. Table 530-3 also 
includes charts showing flowrate and head 
requirements for solid-stream jets and for 
jets of the geyser, or cascade, type, which is 
the most commonly applied of the aerated 
types. Data for other aerated types and lor 
sculpted jets may be derived from the man- 
ufacturer's data. Tables 530-4, 530-5, and 
530-6 show data required to determine 



system head losses. These, in conjunction 
with other system head data, will enable 
the designer to select and determine the 
size of the pump. 

7.1 Display Pump 

There are three conditions that must be 
optimized in selecting a pump: (1) llowrate, 
(2) head, and (3) minimum net positive 
suction head. A typical pump selection 
curve is shown in Figure 530-23 

Flowrate: 

Using Table 530-3 or the manufacturer's 
data for display nozzles, all requirements 
must be totalled. The required flow at any 
weir may be reduced by the amount that 
jets or other weirs contribute to the source 
of that weir 



Head: 

The head is the total pressure required to 
accommodate the difference in elevation 
between the highest and lowest pools (sta- 
tic level differential), plus discharge head 
requirements for display jets taken from 
Table 530-3 or the manufacturer's data, 
plus total calculated head for entrance, exit, 
velocity head, pipe, fitting, valve, and 
strainer losses can be taken from Tables 
530-3, 530-4. and 530-5. 

Note: The requirements may be reduced 
if the jets are not located in the upper pool. 

Net Positive Suction Head: 

The net positive suction head (NPSH) is the 
resultant pressure available at the pump 
from atmospheric pressure after adding or 
deducting (1) the differential between the 
operating water level and the pump eleva- 
tion, (2) all losses accruing to entrance con- 
ditions, (3) the friction losses through pipes, 
fittings, valves, and strainers on the suction 
side of the pump. Atmospheric pressure is 
10 200 mm (34 ft> at sea level, decreasing 
approximately 3 650 mm (1 .2 ft) with each 
300 000 mm (1000 ft) rise in elevation. If 
the NPSH is marginal, more definitive cal- 
culations should be made, using expanded- 
pipe sizing charts based on the particular 
materials used and the manufacturer's data 
for each component in the return system. 

Pump Selection: 

Refer to Figure 530-23. After determining 
the required flowrate and head plus the 
available NPSH, select the pump to satisfy 
these parameters and to maximize efficien- 
cy. In general, efficiencies of 70 to 90 per- 
cent (increasing with the flowrate) should 
be attainable. Finally, determine the pump 
manufacturer, the model, the suction and 
discharge sizes, and the motor horsepower 
and speed (rpm). 

As a general rule, pumps up to 3 750 to 
4 500 Lpm (1000 to 1200 gpm) are end- 
suction centrifugal types. Those ranging 
from 3 750 to 18 750 Lpm (1000 to 5000 
gpm) are more likely to be double-suction 
split-case types. Beyond 18 750 Lpm (5000 
gpm), the pumps used are either the multi- 
ple split-case or the mixed-flow and pro- 
peller types. These are the same as those 
used to move large volumes of water in irri- 
gation and wastewater applications. Pumps 
with low head requirements, i.e., 10 500 to 
15 000 mm (35 to 50 ft), will generally be 
of a lower speed, i.e., 1150 rpm or less, 
and/or have the smaller impeller diameters. 
As a final general consideration, if the 
equipment-space floor elevation is near or 
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Figure 530-22. Perimeter overflow fountain diagram. 



above the return pool's water level, a verti- 
cally mounted pump of the turbine, mixed- 
flow, or propeller type will greatly improve 
the suction conditions, allowing optimiza- 
tion of NPSH and submergence. 

7.2 Fountain Filters 

Refer to Table 530-7. Fountain filters are 
usually a high- rate sand -type unit, sized on 
the basis of pool area. Use 900 to 1 200 
mm- (3 to 4 ft-} of filter area for each 300 
000 mm-' (1000 ft 1 ) of pool area 900 mm ? 
(3 ft 2 ) is adequate for indoor applications 
and 1 200 mm-' (4 ft 3 ) is appropriate for 
outdoor installations in an urban area. 
Diatomaceous earth and cartridge-type fil- 
ters are sometimes used for fountain instal- 
lations but are not recommended, given 
their greater maintenance requirements 

7.3 Filter Pump 

For units 750 mm (30 in) or less in diame- 
ter, it is usually included as part of a 



prepiped unit. For larger units, select the 
pumps as follows. 

Flowrate: 

Refer to Table 530-7. The 56.2 Lpm (15 
gpm) rate should be used unless the extra 
flow associated with the 75 Lpm (20 gpm) 
rate is required for display purposes. 

Head: 

The total head required has to accommo- 
date (a) static level differential; (b) the total 
calculated for entrance, exit, velocity head, 
pipe, fitting, valve, and strainer (as taken 
from Tables 530-4. 530-5, and 530-6); and 
allowance for losses due to dirt and other 
particulates building up on the sand bed 
between backwashings. This allowance 
should be 10 500 mm (35 ft) for units with 
manual backwash and 7 500 mm (25 ft) for 
units with automatic backwash. 



Net Positive Suction Head Selection: 

The NPSH calculations and pump selection 
will be the same as for the display pump. 
(See 7.1 Display Pump in this section.) 

7.4 Piping Materials 

Piping materials are generally noncorrosive. 
Each material has particular advantages 
and limitations, particularly in light of eco- 
nomic considerations. 

Polyvinyl Chloride: 

Polyvinyl chloride (PVC) is noncorrosive 
and has low friction losses. Its limitations 
include its vulnerability to ultraviolet deteri- 
oration in exposed outdoor situations and 
its limited physical strength, leading to a 
variety of failures, particularly at fittings. 
Failure may be induced by differential set- 
tlement, physical damage, or vibration in 
the pumping system. Vibration is a particu- 
larly common problem for open fountain 
systems where either entrained air in the 
return system or operation at more or less 
than design flow (and hence lower efficien- 
cy) will cause the pump(s) to vibrate. PVC 
is appropriate for low-budget installations, 
for underground piping in planted areas 
where repairs can easily be made, or for 
carefully controlled circumstances where it 
may be embedded in concrete. 

Copper- 
Copper, also noncorrosive, has much better 
physical strength than PVC. particularly at 
fittings. Costs generally limit its application 
to sizes 75 mm (3 in) and smaller. Copper 
must be dielectrically isolated from adjacent 
steel piping and equipment to prevent gal- 
vanic action, which causes deterioration of 
the steel, particularly galvanized steel. 

Red Brass: 

Red brass has many of the same character- 
istics as copper but has greater physical 
strength, making it particularly useful for 
exposed piping in the pool. In general, its 
high cost limits it to this application. 

Steel: 

Steel is probably the best overall material 
for any piping that is 75 to 100 mm (3 to 4 
in) or larger in diameter. Fountain water has 
a high oxygen content and the system is 
not only open but often drained down for 
cleaning and winterization. Piping should 
be galvanized or epoxy-lined to prevent 
rust formation and staining. Note that gal- 
vanization may be impractical where the 
piping is threaded or in close proximity to 
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fittings (or other hardware) made of brass 
or bronze. 

Ductile or Cast Iron: 

Ductile or cast iron is used in all sizes for the 
overflow/drain system. Generally, it is an 
economic alternative to steel for long runs 
at diameter sizes of 200 mm (8 in) or larg- 
er. It should be specified to be cement- 
lined, and for pressure systems it should 
have mechanical joints Ductile iron may be 
welded for waterstops, shaped nipples, and 
other special fabrications, whereas cast iron 
cannot be. 

7.5 Pipe Sizing 

Table 530-8 shows maximum pipe sizes 
and corresponding velocities for any given 
function. Return piping size must be 
reviewed in light of NPSH requirements. 

Sizing for gravity return, drain, and over- 
flow piping is critical and must be carefully 
calculated, particularly for long piping runs 
and minimal slopes. Improper sizing may 
result in flooding and/or pump damage. 

7.6 Fittings, Valves, and Strainers 

This hardware is generally of the same 
material and size as the piping. Gate valves 
are suitable for shutoff only, while butterfly 
valves, globe valves, and ball valves and 
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Figure 530-23. Typical pump curve. 



Table 530-4. 

PIPE SIZING AND HEAD LOSS CHART 

(Expressed in feet of water per 100 feet length of pipe) 



Table 530-5. 

HEAD LOSS NOMOGRAPH FOR FITTINGS AND VALVES 
(Expressed in equivalent feet of pipe) 
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Table 530-6. 

HEAD LOSS CHART FOR STRAINERS AND VALVES 
(Expressed in feet of water) 
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cocks may be used for shutoff or throttling. 
Diaphragm valves are used for sequencing, 
flow regulation, and other forms of automat- 
ic modulation. All strainers should be fitted 
with brass or stainless-steel baskets. Strainers 
over 200 mm (8 in) in diameter should be 
provided with either an integral cover lift or 
an auxiliary means to lift the cover. 

7.7 Pool Hardware 

Aside from underwater lighting, several 
basic items of hardware are required for 
pool operation, and several more are avail- 
able to facilitate maintenance 

Return Fitting: 

A fabricated fiberglass or metal sump is usu- 
ally employed, with an antivortex cover 
plate to prevent any entrainment of air. For 
large installations, the return fitting may be a 
concrete sump formed in the pool floor, with 
a cover grate and leaf screen; a cover plate 
is not necessary, as the increased depth pre- 
vents vortexing or air entrainment. 

Figure 530-24 shows a fabricated sump 
with an infill-type antivortex cover plate. 
The plate is designed to receive concrete or 



tile infill to match the pool bottom. Figure 
530-25 shows a formed concrete sump in 
the pool floor. This type of sump is gener- 
ally employed for flowrates in excess of 3 
750 Lpm (1000 gpm) where the fountain is 
on-grade. In a rectangular configuration, a 
sump can simply have more return elbows; 
for instance, 750 mm x 1 500 mm (2-1/2- 
ft x 5-ft) sump would have two 200 mm (8 
in) return ells entering the long wall on 
quarter points. The sump may assume any 
irregular shape, which can be accommo- 
dated simply by discounting all sump area 
beyond the basic configuration. 

Supply Fitting: 

Either a nozzle (as discussed above in 4.0 
Water Effects) or a nonexpressed source 
employing one or more fabricated sumps 
(as shown in Figure 530-24) is necessary. 
For larger nonexpressed sources, one or 
more formed concrete sumps may be used, 
as shown in Figure 530-26. 

Fill/Makeup Fitting: 

If the supply is nonexpressed, fill/makeup 
fittings may be routed via the supply fitting. 



If jets are used, then a separate fitting 
should be used (Figure 530-27), 

Filter Systems Fittings: 

Main-drain (filter return), skimmer, eyeball 
supply, and vacuum fittings are all carry- 
overs from swimming pool design and 
should be avoided if possible, as they will 
clutter the pool with hardware that is of 
questionable value and nearly impossible to 
conceal. The filter return may be via the 
main return sump in lieu of the main drain 
and skimmers. Supply to the pool may be 
via the fill/makeup fitting rather than eye- 
ball supply fittings if effective circulation 
can be promoted via the display system 

Overflow Fitting: 

Refer to Figure 530-27. Where possible, a 
submerged overflow strainer may be used in 
conjunction with an inverted trap. If the pool 
is elevated, a conventional sidewall fitting 
may be used unless the freeboard is inade- 
quate, in which case a standpipe or a special- 
ly fabricated slot-type overflow may be used. 
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Table S30-8. SIZING OF GRAVITY FLOW PIPING 



TYPE OF PIPING 


SIZING 


SIZED FOR MAXI 
VELOCITY OP: 


GRAVITY 
RETURN PIPING 


Sizing is critical & must be 
carefully calculated for king 
piping runs & minimal slopes 


600 mm/sec. (2 fps) 


RETURN PIPING 


75 mm <3") t, smaller 
100 mm (4") & larger 


1 5 m/sec (5 fps) 
2.1 m/sec (7 fps) 


SUPPLY PIPING 


75 mm (3") & smaller 
100 mm (4") & larger 


2.1 m/sec. (7 fps) 
3.04 m/sec (10 fps) 


GRAVITY DRAWN 
AND 

OVERFLOW PIPING 




1 .5 m/sec (5 fps) 


PUMPED DRAIN 
PIPING 


75 mm (3") & smaller 
100 mm (4") & larger 


2 1 m/sec. (7 fps) 

3 04 m/sec (10 fps) 


FILL/MAKE-UP 
PIPING 




3.04 m/sec. (10 fps) 



Drain Fittings: 

Refer to Figure 530-27 In general, each 
pool should have a drain at its lowest ele- 
vation. In the case of return or source 
pools, this may be via the return or sump, 
utilizing the fittings or drains shown in 
Figures 530-24, 530-25, or 530-26. For 
intermediate pools, a separate valved drain 
or solid-top drain may be used. 

Finishes: 

Important compatible finishes should be 
selected, since the pool fittings may be pro- 
vided by several suppliers and/or fabrica- 
tors. Either a brass/bronze or stainless- 
steel/nickel plate vernacular generally is 
used. This should include gratings and 
frames for the return/supply pumps, jets, 
and fill/makeup, overflow, and drain fit- 
tings, as well as for the lighting fixtures. 



8.1 Day-lighting 

Daylighting is a very important aspect of 
siting and display orientation, particularly 
with directional displays. Sunlight is espe- 
cially effective on free-falling or formed 
jets, as it attractively reflects off the sheet 
surface, illuminating surface highlights. It 
also works well with Whitewater displays 
such as textured waterwalls, waterstairs, 
cascading falls, and aerated jets In the 
northern hemisphere, a southerly exposure 
is optimal. An easterly or westerly orienta- 
tion affords morning or afternoon light 
Northerly exposures generally offer little 
enhancement to the basic readability of the 
display; moreover, windborne spray and 
splash do not dry quickly, and so the cool- 
ing potential is minimized 

Table 530-9. LIGHTING 



8.2 Floodlighting 

The effects of floodlighting are very similar 
to those of daylighting, but floodlighting 
must be used very judiciously, as the dis- 
traction of visible sources often offsets the 
value of the lighting. If sources can be min- 
imized, this can be a very effective and eco- 
nomical means of lighting. Floodlighting 
may also be used in combination with 
underwater lighting, affording a broader 
spectrum of effects with which to achieve 
the overall composition. 

8.3 Underwater Lighting 

Underwater lighting is potentially the most 
dramatic, as it renders a self-illuminated 
quality to display effects, particularly with 
regard to free-falling sheets and jets. The 
water acts like a lens, refracting and diffus- 
ing the light. Underwater lighting must, 
however, be used judiciously, as each fix- 
ture in place costs 3 to 5 times as much as 
a floodlight or typical open-air landscape 
fixture because of the requirements for 
submersibility, corrosion resistance, and 
code-required safety provisions. 
Furthermore, the maintenance for under- 
water units is considerably more costly than 
for landscape units. 

Underwater lighting may be used in two 
basic ways: uplighting, as used for a sheet 
or jet. and pool lighting, where the pool 
itself is lighted to delineate surrounding 
surfaces or to feature materials and/or tex- 
tures. Uplighting is generally the more dra- 
matic and practical of the two. 

Pool lighting generally requires many 
more fixtures than uplighting, and because 
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8.0 FOUNTAIN LIGHTING 



Fountain lighting is typically thought of only 
in terms of underwater lighting; however, 
the use of daylighting (i.e., optimizing ori- 
entation relative to sunlight) as well as 
floodlighting has great potential and is con- 
siderably less costly than underwater light- 
ing. Effective use of each of these alterna- 
tives is both an art and a science. Although 
a thorough discussion is beyond the scope 
of this section, a brief overview of the appli- 
cations of each is appropriate. Information 
on colored lighting is not included here, as 
ample reference material is available from 
manufacturers and the applications are lim- 
ited. (Refer to Section 540; Outdoor 
Lighting, for more information.) 
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ELEVATION 
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TYPE COVER PLATE 
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BOTTOM 




POOL FLOOR, SLOPE 
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SUMP FABRICATED 
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RETURN PIPING. MAY 
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Figure 530-24. Return/supply sump. 



Figure 530-25. Return sump. 
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Figure 530-26. Return sump. 
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1. IF POSSIBLE. ALL STRAINERS SHOULD BE THE SAME 
CONFIGURATION. DIMENSION AND SHAPE. 

2. FOR CONCRETE FINISH POOLS. A ROUND STRAINER WILL 
ELIMINATE THE POSSIBILITY OF AN OUT-OF-SQUARt FITTING 
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Figure 530-27. Pool fittings. 
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Figure 530-28. Submersible lighting. 
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the inside surfaces of the pool need to be 
light-colored to reflect the light, this often 
compromises the pool's reflective capabili- 
ties during the day; it should be mentioned, 
too, that painting a pool a light color will 
give it an appearance more like a commer- 
cial swimming pool than an ornamental 
pool or fountain. Pool lighting also makes 
silt and debris considerably more visible, 
necessitating more frequent maintenance 
Lastly, but perhaps of greatest importance, 
the lighting must be very well maintained, 
because the effect of having only one or 
two lamps burned out may be much worse 
than having no light at all. 

8.4 Design Principles 

Although nighttime lighting, whether 
floodlighting or underwater lighting, is 
generally used to accentuate only a part of 
the total fountain composition, it typically 
intensifies the nighttime presence of the 
illuminated pools or display elements (as 
compared to the daylight impact). With 
larger, more complex fountains, an inter- 
mediate lighting level is often introduced, 
subordinate to the focal elements while still 
strongly contrasting with the immediate 
surroundings. This typically requires the use 
of underwater lighting in lieu of, or in addi- 
tion to, any floodlighting that may be used 

Once the basic composition is deter- 
mined, the design criteria are fairly objec- 
tive. Lighting intensify is based on lumi- 
nance, i.e., surface brightness, measured in 
footlamberts rather than footcandles. 

Human perception of light intensity is 
generally logarithmic in nature, requiring 10 
times the brightness to double the intensity 
perceptually. Accordingly, the brightness of 
a primary display should average at least 10 
times the surrounding ambient light level 
and 3 times the subordinated displays. The 
uniformity ratio — the maximum to mini- 
mum brightness for any display element — 
ideally should not exceed 3:1. 

Since water displays are generally highly 
reflective and localized, the use of relative- 
ly low-level light will achieve the desired 
brightness. Careful selection of the type of 
lamp is the key to proper lighting and, as 
such, should precede the selection of the 
lighting fixture itself. For example, when 
lighting a narrow, vertical jet, a very narrow 
low-voltage 240-W spot lamp affords more 
light in the critical 5-degree central cone 
than does a 1000-W spotlight. In general, 
narrow-beam spotlights are used for light- 
ing jets and wide- beam floodlights for 
falling water. In the interest of uniformity, a 
minimum of two fixtures should be used for 
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Figure 530-30. Submersible lighting. 
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Lighting for pools and fountains includes underwater lighting, dayllghting and flood- 
lighting. 

1. In the northern hemisphere, a southerly exposure is optimal for daylighting water 
displays. Northerly exposures generally offer little enhancement to the readability of 
the display; moreover, windborne spray and splash do not dry quickly, so the cooling 
potential is minimized. 

2. The effects of floodlighting are similar to those ol daylighting, but floodlighting must 
be used very judiciously, as the distraction of visible sources often offsets the value 
of the lighting. 

3. While underwater lighting can be dramatic, each fixture costs 3 to 5 times as much as 
floodlights or typical open-air landscape fixtures because of the requirements for sub- 
mersibility, corrosion resistance, code-required safety provisions, and maintenance. 

4. Generally, the brightness of a primary lighting display should average at least 10 
times the surrounding ambient light level and 3 times the subordinated displays. 

5. In the interest of uniformity, a minimum of two fixtures should typically be used for 
jet displays and maximum spacing of 1 000 mm (3 ft) on center used for waterfall 
uplights. 

6. Fixtures should be selected to accommodate (1) the type and orientation of the 
lamps, (2) the pool configuration and finish, (3) applicable codes, and (4) regular 
maintenance. 



jet displays and maximum spacing of 1 000 
mm (3 ft) on center used for waterfall 
uplights. Fixtures should be selected to 
accommodate (1 ) the type and orientation 
of the lamps, (2) the pool configuration 
and finish, (3) applicable codes, and (4) 
regular maintenance. 

It should be noted that fountains are 
rarely overlighted, but the lighting for a sin- 
gle jet or waterfall need not be as complex 
as described above. Most suppliers of com- 
ponents offer relatively simple tabular data, 
such as that shown in Table 530-9. 

8.5 Installation 

There are several critical considerations 
regarding the physical installation of under- 
water fixtures, including proper submer- 
sion, minimization of hardware, shielding 
the source from view, and accommodating 
code-mandated safety requirements. 

Submersion: 

Most underwater fixtures rely on submer- 
sion for cooling to prevent lamp and lens 
breakage. Minimum submersion is about 
25 mm (1 in), with 50 mm (2 in) submer- 
sion commonly specified to accommodate 
wave action and water level variability. Any 
depth beyond this dimension should be 
minimized, as the light output is reduced by 
10 percent for every 2 in of submergence. 

Minimization of Hardware: 

Underwater fixtures are inherently bulky, 
and the need for cords, junction boxes, and 
other related hardware compounds the 
problem. Figures 530-28, 530-29, and 
530-30 show clear, typical details for the 
installation of underwater fixtures for the 
delineation and uplighting of sheets and 
jets; although these are only representative, 
they do show methods for concealing 
cords, conduits, and junction boxes and for 
minimizing the presence of the fixture 
itself. Among the several variations on typ- 
ical fixture construction and installation 
detailed in these figures, the more impor- 
tant include the following. 

Yoke Locks: Yoke locks should be speci- 
fied for fixtures used to illuminate falling 
water from jets or waterfalls, particularly 
when vertical dimensions exceed 6 000 mm 
(20 ft). Fixtures positioned by friction 
devices are inadequate for heavy falls or jets. 

Bases: Bases should be secured to the pool 
floor to prevent any movement due to falling 
water or any dislocation that might occur in 
the course of normal pool maintenance. 
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Figure 530-31. Controls (pump control, shutdown control). 
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Figure 530-32. Controls (lighting control, wind control). 



Rock Guards: Rock guards are required 
by code for fixtures facing upward. A cast- 
bronze grid integrated with the lens door is 
j/j commonly used, but a protective grating 
C (as shown in Figure 530-29) will serve the 
j5 purpose just as well. 

B Flush-Mounted Fixtures: A flush- 

q mounted fixture (as shown in Figure 520- 

U_ 28) cannot be embedded directly in con- 

-q crete, but must be installed in a niche with 

C sufficient length of cord to allow the fixture 

«J to be elevated to at least 600 mm (2 ft) 

V> above water level for relamping. Since the 

O niche is a wet area, a cord seal, like that 

O used at the fixture for the cord connection, 
should be used at the conduit entry to the 
niche to keep water out of the conduit sys- 

O tern This fixture, which employs the stan- 

Pfl dard A-type lamp, should always be pro- 

Ifl vided with the traffic signal version of this 



lamp, which affords an 8000-hour average 
lamp life rather than the 750- hour life of 
the household version. 

Shielding the Source: 

Figure 530-28 shows a fixture that can be 
fitted with an optional cast-bronze louver if 
the fixture falls within the line of sight from 
normal viewing positions. Figure 530-29 
shows a fixture below a linear bar grate 
that. In itself, functions as a louver. In 
Figure 530-30, the mounting cylinder itself 
will afford some shielding. Other underwa- 
ter fixtures have optional louvers that are 
integral with the lens door and double as 
the code-required rock guard. 

Safefy Requirements: 

Article 680 of the U.S. National Electric 
Code (NEC) mandates several safety provi- 



sions, including corrosion-resistant con- 
duits, positive grounding, and ground-fault 
current-interrupting circuit breakers, which 
trip instantaneously if current leakage to 
ground exceeds 5 mA (a fraction of the 
current level that might pose a lethal shock 
hazard) These provisions must be carefully 
studied and applied Because of the some- 
what subjective nature of the wording con- 
tained in the codes, it is often wise to 
review the provisions with the authority 
who will be responsible for inspection and 
approval of a particular installation. 



9.0 CONTROLS 



The fountain control system may be as sim- 
ple as a single manual switch used to turn 
on or off a submersible pump, or as com- 
plex as a fully automatic system with hun- 
dreds of electromechanical devices 
responding to a controlling computer. The 
primary functions of an automatic control 
system are: (1) automating otherwise man- 
ual chores which may be aesthetic or prac- 
tical in nature and (2) protecting equipment 
against damage or deterioration due to 
inoperative auxiliary equipment, inade- 
quate maintenance, or variable external cir- 
cumstances. Interestingly, as complex as 
these systems can become, variants and 
combinations of only a handful of control 
devices and a half-dozen or so basic sub- 
systems are used to moderate, protect, and 
maintain the subsystems discussed in 6.0 
Operating Systems. 

9.1 Control Devices 
Selector Switch: 

Selector switches are used to select, vary, 
bypass, or deenergize the automatic control 
devices in each subsystem. 

Pilot Light: 

Pilot lights are used, where appropriate, to 
show the status of each subsystem. 

Motor Starter. Contactor, Relay: 

These are magnetically operated or actuat- 
ed switches. A motor starter, in addition, 
integrates a thermally operated switching 
device to protect the motor against a vari- 
ety of potential malfunctions. When con- 
trol power is applied to the coil of the actu- 
ating electromagnet, one or more contact 
pairs are simultaneously opened or closed. 
Removing the control power will reverse 
the contacts. A relay may have up to 12 
sets of contacts, and each of these may be 
specified as closed or open in the normal 
(deenergized coil) mode. Each contact pair 
is then normally open or normally closed. 
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Figure 530-33. Controls (water level control). 



Time Delay Relay: 

A time delay relay is similar to the relay 
described above, except that actuation is 
delayed by an auxiliary timing device. The 
delay may occur upon energization or 
deenergization, the length of delay may be 
adjusted, and instantaneous (nondelayed) 
contacts may be actuated by the same coil. 

Time Switch: 

A time switch is a clock-operated switch 
that may be preset to switch on and off at 
any desired time of day. If required, the 
device may be specified to switch several 
times during each day. Time switches used 
for lighting may be specified with an astro- 
nomic dial which corrects the on time for 
the time of year and the specific latitude 

Pressure Switch: 

A pressure switch opens or closes upon 
change of pressure. It can be specified to 
operate on either increasing or decreasing 
pressure. If the desired actuation Is at less 
than atmospheric pressure, a combination 
pressure-vacuum or vacuum switch must 
be specified. 

Flow Switch: 

A flow switch opens or closes when water 
is flowing in a pipe, and it reverses mode 
when the flow ceases. 

Level Sensor: 

A level sensor is a float- or probe-actuated 
device used to sense liquid level in a con- 
tainer and to cause a remote low-voltage 
relay to switch on and off as the level falls 
and rises. The minimum practical difference 
between the on and off levels is on the 
order of 25 mm (1 in). 



Wind Sensor: 

An anemometer (wind-driven generator) is 
used to sense wind velocity and to cause a 
remote relay to switch on or off as the 
velocity exceeds or falls below a preset 
velocity. 

9.2 Pump Control 

Refer to Figure 530-31. Power for the 
pump is routed through a motor starter 
The coil is actuated by a time switch, set to 
switch the pump motor on and off at the 
desired times of day. Additional controls in 
the control circuit will prevent the motor 
from running if the shutdown system is 
energized or if the water level in the pool is 
too low. An auxiliary contact (interlock) in 
the motor starter is used to keep the make- 
up system from operating if the pool is 
drained or a low-water condition exists. 

9.3 Shutdown Control 

Refer to Figure 530-31. This system is 
designed to keep the pump(s) from running 
if the return system is clogged or if the water 
is not flowing A third shutdown circuit is 
included in the water level control (See 9.6 
Water Level Control in this section.) 

Clogged Return: 

Clogged returns are usually caused by a 
poorly maintained leaf screen or strainer. As 
the pump works harder to draw water, a 
low pressure or vacuum develops between 
the strainer and the pump A properly 
installed pressure or pressure/vacuum 
switch on the return line will signal this 
condition. 



No Flow: 

This condition is caused by a loss of prime 
(air in the pump), a malfunctioning pump, 
or a closed valve or other obstruction in the 
supply piping. A time relay is incorporated 
in conjunction with the flow switch to allow 
the flow to become established on start-up. 

The control relay is actuated on signal 
from the pressure/vacuum or flow switch, 
interrupting power to the pump control cir- 
cuit. Once the pump is stopped, the system 
must be reset manually; otherwise, the sys- 
tem would try to restart as the flow dimin- 
ishes and a full static head is reestablished. 

9.4 Lighting Control 

Refer to Figure 530-32. This system is vir- 
tually identical to the pump control system, 
utilizing a lighting contactor, or heavy duty 
type of relay, in lieu of the motor starter. 
Power is routed through a lighting contac- 
tor, which is actuated by an astronomic dial 
time switch via an auxiliary contact in the 
display motor starter, ensuring that the 
lights will not operate if the display is off for 
any reason. 

9.5 Wind Control 

This system switches control power 
through a relay actuated by a wind-driven 
generator. An integral time delay ensures 
that the system is not triggered by momen- 
tary gusts. Often two relays are used, each 
with a different set point. When the lower 
velocity set point is reached, the first-stage 
control relay is actuated, throttling an auto- 
matic valve to reduce jet heights. When the 
higher velocity is reached, the second-stage 
control relay interrupts power to the pump 
and lights. A restart time delay is used to 
ensure that the pump does not exceed an 
allowable number of starts per hour or day, 
which could cause damage to the motor. 

9.6 Water Level Control 

Refer to Figures 530-20 (Item 10) and 530-33. 
This system switches control power 
through relays actuated by water level sen- 
sors, either probes or floats, which monitor 
the water level at the pool The probe sys- 
tem is most commonly used, each function 
comprising two probes and a probe relay— 
although, with proper design, the fill and 
low-water functions can be combined. The 
fill and makeup systems utilize a common 
water level control relay which is used to 
actuate the solenoid-operated valve. The 
low-water shutdown system has a separate 
control relay which is used to interrupt 
power to the pumps and lights should the 
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water in the pool fall below a preset mini- 
mum level. 

9.7 Sequencing 

The mechanics of controlling a sequenced 
fountain are sufficiently varied and com- 
plex, and the applications infrequent 
enough, that a detailed discussion here is 
probably not justified It is appropriate to 
note, however, that there are four com- 
monly used methods of controlling 
sequenced fountains. They are, in order of 
complexity: 

1 . A simple cam timer, of the type used to 

control traffic signals 

2. A series of step switches and timing 

relays 

3. Programmable solid-state logic modules 

4. Computers of varying capacities 

Each of these has a particular useful 
range. The cam timer, for instance, might 
control a relatively straightforward group of 
three or four jets. Intermediate systems 
could range to the latter methods, which 
might be used to deliver complex instruc- 
tions to hundreds of jets and lights — while 
at the same time responding to environ- 
mental variables, such as wind, rain, and 
temperature — or used to provide a con- 
stantly modulated, or fluid, effect rather 
than a stepped effect. 
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1.0 INTRODUCTION 



1.1 General 

This section includes information useful for 
solving site lighting problems. Included are 
definitions of terms associated with light- 
ing, general design principles, characteris- 
tics of various lamps, and recommended 
levels of illumination (industry standards) 
for various landscape uses. The information 
included here will aid in the process of 
specifying fixtures for particular lighting 
projects. 

1.2 Objectives of Outdoor Lighting 

The purposes of outdoor lighting include: 
(1) improving the legibility of critical nodes, 
landmarks, and circulation and activity 
zones in the landscape; (2) facilitating the 
safe movement of pedestrians and vehicles, 
promoting a more secure environment, and 
minimizing the potential for personal harm 
and damage to property; and (3) helping to 
reveal the salient features of a site at a 
desired intensity of light in order to encour- 
age nighttime use. 



Lumen: A quantitative unit of measure- 
ment referring to the total amount of light 
energy emitted by a light source, without 
regard to the direction of its distribution. 

Footcandle (fc): A U.S. unit of measure- 
ment referring to incident light. 
Footcandles can be derived from lumens (1 
fc = 1 lumen/sq. ft.) or candelas (fc = 
candelas/distance 2 ). 

Lux (Ix): The International Standard (SI) 
measure of incident light. It is equal to one 
lumen uniformly distributed over an area of 
one square meter (10.7 Ix = 1 fc) (Figure 
540-1). 

Candlepower: The unit of intensity of a 
light source in a specific direction, often 
referred to as Candela. One candela direct- 
ed perpendicularly to a surface one foot 
away generates one footcandle of light. 

Illuminance: Incident light, or light strik- 
ing a surface (Figure 540-2). 

Luminance: Light leaving a surface, 
whether due to the surface's reflectance, or 
because it is the surface of a light-emitting 
object (like a light bulb). Luminance is the 
i? measurable form of brightness, which is a 
v subjective sensation 

q Efficacy: A measure of how efficiently a 
^ lamp converts electric power (watts) into 
2 ''8 nt energy (lumens) without regard to the 
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Figure 540-1. Luk and footcandle 
measurements. 



effectiveness of its illumination. It should 
not be assumed that a lamp which has high 
efficacy will give better illumination than a 
less efficient lamp (Figure 540-3) 

Light depreciation: Lamp output 
(lumens) will depreciate over its effective 
life Illumination will be reduced further due 
to an accumulation of dirt and grime on the 
lamp and fixture. Adjustments should be 
made to compensate for this depreciation 
when determining the average values of 
illumination maintained over time. A main- 
tenance factor of 50 to 70 percent is com- 
mon for outdoor applications. New installa- 
tions are routinely designed to deliver 1- 
1/2 to 2 times as much illumination as 
needed, to sustain this maintained output 
over the anticipated life of the lamp. 

Color Two measures used to describe 
the color characteristics of lamps are (1 ) the 
apparent color and (2) the color rendering 
index. 

The apparent color of a light source is 
given by the color temperature Figure 
540-4 shows various index numbers used 
to rank sources on a scale that range from 
warm to cool in appearance. Preference for 
one or another is a matter of taste and usu- 
ally varies with the context of the applica- 
tion and with the illumination level. Warm 
tones tend to be favored when illumination 
is low and cooler tones are preferred under 
high lighting levels. 

The color rendering index (CRD is a 
measurement of the degree to which object 
colors are faithfully rendered. This scale 
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Figure 540-2. Incident illumination. 
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Figure 540-3. Lamp efficacy. 



ranges from to 100 and is a reasonable 
approximation of color rendering accuracy 
CRI is completely independent of whether 
a light source casts the object in a warm or 
cool tone The CRI graph shows the rank- 
ing of the major outdoor light sources 
(Figure 540-4). As a general guideline, a 
minimum CRI of 50 is suggested to attain a 
reasonably faithful or natural color rendi- 
tion. Lamps ranked significantly below this 
are judged to cause visible distortions to 
appearance. 
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Color rendering 



Clare: A point or surface of luminance 
that is above one's current state of adapta- 
tion. The human visual system can com- 
fortably see in light levels ranging from 
starlight to noonday sun, but cannot do so 
over this entire range at the same time. We 
adapt to one limited range or another, and 
perceive glare as any brightness above our 
current state of adaptation. Disability glare 
impairs visibility and is primarily a physio- 
logical phenomenon; e.g., the nighttime 
glare from an oncoming vehicle's head- 
lights can momentarily blind a driver's per- 
ception of the road ahead. Discomfort glare 
does not impair visibility but is primarily a 
psychological phenomenon or an annoy- 
ance which may produce fatigue if it con- 
tinues over an extended period of time. 

Cutoff light distribution: A term used in 
reference to the optical design of some fix- 
ture types. Proper placement of lamps and 
the use of carefully aligned reflectors, can 
effectively eliminate intense high-angle 
light Most cutoff designs severely restrict 
fixture intensities above 75 degrees from 
nadir, that is, within 15 degrees of horizon- 
tal (Figure 540-16). 
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Figure 540-5. Lighting hierarchy. 



GENERAL DESIGN PRINCIPLES 



3.1 Orientation 
Lighting Hierarchy: 

Driver and pedestrian orientation can be 
aided by providing a hierarchy of lighting 
effects that correspond to the different 
zones and uses of a site. For instance, sub- 
tle but recognizable distinctions can be 
made between major and minor roads, 
paths, and use areas by varying the distrib- 
ution and brightness of the light and by 
varying the height, spacing, and color of 
lamps (Figure 540-5). 

Attaining high levels of illumination 
along circulation routes does not have to be 
a prime consideration in outdoor lighting If 
a clear and consistent system is provided, 
low levels may be adequate for safe circu- 
lation. 

Char Lighting Patterns: 

Clear optical guidance can be provided 
with the alignment of light fixtures posi- 
tioned in consistent, recognizable, and 
unambiguous patterns. A staggered layout 



Figure 540-6. Lighting patterns. 

of road and pathway lights tends to 
obscure rather than reinforce the direction 
of circulation and the location of intersec- 
tions (Figure 540-6). 

3.2 Identification 

Intersection Articulation: 

Intersections, decision points, crossings, 
bus stops, steps, arrival points, etc., should 
be articulated in a manner that signals their 
presence, shape, and nature. The illumina- 
tion pattern should serve as a visual cue to 
what conditions may lie ahead. 

Placement of Luminaires: 

Spacing, height, and distribution of lumi- 
naires should avoid foliage shadows, pro- 
vide uniformity, and vertical surface illumi- 
nation High mounting and wide spacing of 
fixtures may result in disruptions to the illu- 
mination pattern due to tree shadows 
[Figure 540-7 (top)]. Lower mounting 
heights and closer spacing between fixtures 
may create a more uniform distribution of 
light promoting the pedestrian's sense of 
security. [Figure 540-7 (bottom)]. 

Deciding What to Light- 
In some circumstances, it may be equally as 
important to determine what not to light as 
to determine what to light (Figure 540-8). 

3.3 Safety 

In addition to poor lighting layout and 
design, glare and underlighting can create 
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hazardous conditions for pedestrians and 
vehicles. 

Clare: 

Clare is a major inhibitor of good visibility 
and can be produced by any scale of light 
fixture, including small lens-type step lights 
(Figure 540-9). 

Clare is more of a problem when 
exposed light sources, such as lamps or 
lenses, can be seen directly. Luminaire loca- 
tion and mounting height, fixture type, and 
lamp intensity must be carefully selected to 
optimize light distribution and minimize 
glare. 

Lower mounting lanterns may or may 
not have sharp cutoff optics. If high-angle 
illumination is appropriate in order to illu- 
minate facades, trees, and other 
streetscape elements, then care must be 
taken to prevent glare. An outdoor mock- 
up at night is an excellent technique to use 
when deciding what light distribution pat- 
tern and intensity to use and whether or 
not there will be any likelihood of glare. 

High-angled cobra-head types of lenses 
are a major source of glare when used 
along roadways. Luminaires with sharp cut- 
offs effectively direct the light into a visual- 
ly useful and comfortable pattern. 

Underlighting: 

Underlighting is potentially hazardous if 
insufficient light is provided to protect 
pedestrians and/or vehicles from potential 
injury and damage. Sufficient light is espe- 
cially important in areas where heavy 
pedestrian traffic is expected, such as near 
parks, ball fields, and other places that 
attract crowds of people, or where children 
cross streets. Parking areas, access and 
egress points, loading areas, etc., should 
have adequate lighting to help protect dri- 
vers, pedestrians, and vehicles. 

Note that overlighting an area can gen- 
erate high amounts of glare, which can also 
create hazardous conditions. A careful bal- 
ance of light intensities must be achieved. 
Table 540-3 lists recommended levels of 
illumination as stated in the Illuminating 
Engineering Society's IES Lighting 
Handbook. Levels of lighting are related to 
types of use and other characteristics with- 
in use areas. 

3.4 Security 

Darkness, together with unfamiliar sur- 
roundings, can incite strong feelings of 
insecurity. To provide a sense of security, 
possible hiding places and dense shadows 




LOW MOUNT FIGURES PROVIDE FOR MTTER UNIFORMITY AND VERTICAL SUKFACt ILLUMINATION 

Figure 540-7. Luminaire mounting heights. Low mount fixtures provide for bet- 
ter uniformity and vertical surface illumination. 




UNDESIRABLE 



DESIRABLE 



Figure 540-8. What to light and what not to light. 




Subtle but recognizable distinctions can be made between major and minor roads, 
paths, and use areas by varying the distribution and brightness of the light and by 
varying the height, spacing, and color of lamps (Figure 540-5). 
2. Clear lighting patterns reinforce the direction of circulation, delineate intersections, 

and provide a visual cue to what conditions may lie ahead. 
3 Clare from exposed light sources and underlighting are major safety concerns (Figure 
540-9). Luminaire location and mounting height, fixture type, and lamp intensity 
must be carefully selected to optimize light distribution and minimize glare. 

4. Security is not necessarily enhanced by increasing illuminance levels on the ground; 
consider peripheral lighting, vertical illuminance levels, and good color-rendering 
sources as well. 

5. Color differentiation, unobtrusive illumination of background spaces, and bright illu- 
mination of ob|ects of interest are common approaches for articulating landscape 
character. 
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should be minimized by the placement of 
appropriate light fixtures. 

Walkway Lights: 

Walkway lights should have enough 
peripheral distribution to Illuminate the 
immediate surroundings. Vertical light dis- 
tribution over walkway areas should cover 
or overlap at a height of 2 100 mm (7 ft) so 
that visual recognition of other pedestrians 
is maintained (Figure 540-10). When the 
pedestrian's sense of security is a primary 
consideration, low mounting height with 
close spacing and a vertical illumination 
pattern may be the most effective 
approach. 

Surveillance: 

For surveillance needs, lighting require- 
ments should permit the detection of suspi- 
cious movement rather than provide for the 
recognition of definitive details For the 
same expenditure of light energy, it is often 
more effective to light backgrounds, there- 
by generating silhouettes, than to light the 
foreground (e.g., lighting the vertical face 
of a building instead of its horizontal fore- 
ground (Figure 540-11). It is also desirable 
to highlight entrances and to direct lighting 
away from points of surveillance 

Vandalism: 

The best way to reduce the vandalism of 
light fixtures is to use fixtures that are 
durable enough to withstand abuse, or to 
place them out of reach. An alternative 
solution may be to use hardware that is less 
expensive to replace. 

3,5 Atmosphere and Character 

A consistency of design expression can be 
achieved by identifying the common ele- 
ments in a landscape that give it character, 
and then using similar approaches to their 
lighting. The clarity with which an object is 
perceived is influenced by its context. 

Background: 

Exterior spaces should have a well-defined 
sense of background. Background spaces 
should be illuminated as unobtrusively as 
possible to meet the functional needs of 
safe circulation and protecting people and 
property. Whenever possible, these needs 
should be accommodated with peripheral 
lighting from the walkways, signage, 
entrances, and other elements relevant to 
the definition of the space. 

Foreground: 

Foreground spaces or objects may be major 
elements and should be treated according- 
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Figure 540-9. Clare. 
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Figure 540-10. Walkway lights. 
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Figure 540-11. Surveillance. 



O 
O 



o 
in 



Time-Saver Standards for Landscape Architecture 



540-6 




UNIFORM LIGHTING 




SINGLE POINT SOURCE 




FORM 4 5MAPE 
USUI 

FILL LIGHTING 



COMBINATION LIGHTING 



Figure 540-12. Shape accentuation. 



ly. Foreground spaces should utilize local 
lighting which produces maximum focus, 
minimum distractions, and no glare. 
Objects of interest and activities can be 
brightly illuminated while the background 
produces only minimal distraction. 

Illumination of Objects (Shape 
Accentuation): 

The direction of the light source is impor- 
tant for perception of three-dimensional 
objects. The ability to perceive volumetric 
form is influenced by the gradient of light 
and shadow falling on the object. 
Uniformly distributed, diffused light results 
in poorly rendered shadows (Figure 540- 
12); one must then rely upon outline and 
color in order to perceive the shape and 
form of the object. Conversely, a single 
point source will produce maximum shad- 
ows but may also minimize the perception 
of details. 

Usually, the best way to illuminate 
standing objects is with a combination of 
both types of lighting. One source should 
accentuate shape and form by contrasting 
the surface with sharp shadows while the 
other source provides fill -lighting for 
details. 

Color Perception: 

Differences in lamplight color are often 
used with great effect in public lighting to 
color code roadways or to clearly delineate 
one area from another. As the general illu- 
mination level rises In a given situation, 
preference usually shifts away from a warm 
appearance toward the cool range. 

Accurate color rendition will aid recogni- 
tion and improve the perception of outdoor 
environments. This is especially important 
at the pedestrian scale, where the color 
contrast of paving and landscape materials 
is often subtle. 



4.0 LAMP CHARACTERISTICS 
AND LIGHT DISTRIBUTION 



4.1 Lamp Characteristics 

Selection of a lamp involves trade-offs 
between lamp size, optical control, efficacy, 
appearance, color temperature, color rendi- 
tion, lamp life, costs, and maintenance 
(Table 540-1). 

Incandescent Lamps: 

Incandescent lamps have superior color 
rendition and a warm white appearance. 
The disadvantage of a short lamp life can 
be overcome by the use of a rugged traffic 
signal lamp rated at 8000 hours nominal 
life or by undervoltaging the circuits to 
extend the life. Incandescent lamps have 
the lowest efficacy of all the lamps. 
However, they are inexpensive and the 
small filament permits good optical control. 

Fluorescent Lamps: 

Although compact shapes are becoming 
more widely used, most fluorescent lamps 
are long and linear, making optical control 
very difficult. They tend to produce glare 
unless they are well baffled. They have a 
good color rendition, whitish appearance, 
and superior life. Although they have good 
efficacy, their light output may be severely 
diminished by very cold weather. 

Induction Lamps: 

Induction lamps are relatively new, high- 
frequency sources that have no filaments or 
electrodes, but rather use the electro-mag- 
netic spectrum to directly energize a phos- 
phor coating on the bulb. These lamps 
have a light quality similar to fluorescent in 
a 90-115 mm (3 1/2-4 1/2 in) spherical 
lamp envelope, but with a significantly 
longer average rated life (up to 100,000 
hours), and with almost no sensitivity to 
ambient temperature. 



Table 540-1. SUMMARY OF LAMP CHARACTERISTICS 



Lamp 


Wattage range. 
M(ft) 


Efficacy, 
lumen/watf 


Average We. hrs 


Apparent color 


Colof renderin 


Initial cost 
; of equipment 


Incandescent 


3-300 (10-1000) 


10-25 


750-2000 


Warm white 


Best overall 


Low 


Fluorescent 


4.5-64.5(15-215) 


40-80 


7500-15.000 


Warm to cool white 


Good 


Medium 


Induction 


16.5-25.5 (55-85) 


63-70 


100,000 


White 


Very Good 


High 


Mercury vapor (deluxe white) 


12-300(40-1000) 


25-60 


24,000 


Cool whrte 


Good 


Medium 


Metal halide 


52 5-450(175-1500) 


65-105 


7500-20.000 


Cool white 


Very good 


Med to High 


High-pressure sodium (STP) 


10 5-300 (35-1000) 


60-120 




Orange -yellow 


Poor 


High 


'White' high-pressure sodium 


45-75 050-250) 


75-80 




Warm white 


Very good 


High 


Low-pressure sodium 


5.4-54 08-180) 


70-150- 




Intense yellow 


Very poor 


High 


•Includes ballast losses 
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150WHF-S 19.3(1.*) 10.7(1.0) 5.4(5) 2.1 (.2) I.I (.1) 

176WMH 233 (12) 9.6(a) 4.7 (.44) 1.9 (.16) 1.0 (.09) 

40-60WMY 6.4 (.6) 3.3(31) 1 3 (.12) .7 (.07) .3 (.03) 



MOUNTING HEIGHT MULTIPLIER 
HEIGHT M (FT) £4 (&') 3.6 (1?) 4.2 (W) 

CORRECTION FACTOR 1.6 .69 31 



Figure 540-13. Typical photometric chart for roadway, walkway or area lighting. Lux (footcandle) levels displayed are for 
a mounting height of 3 m (10 ft) Other mounting heights must factor in the multiplier listed in the table. Once minimum illumina- 
tion levels are identified, fixture spacing is determined by multiplying the number of corresponding mounting heights by two. 
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Figure 540-14. Typical photometric chart for directional lighting: Displayed in lux (footcandles). Illumination levels listed are 
based on a typical half 42° aiming angle. 



Mercury Vapor Lamps (Deluxe White): Metal Halide Lamps: 



Mercury vapor (MV) lamps have good effi- 
cacy, excellent life, and a good cool white 
color. Strong in the blue-green end of the 
color spectrum, the lamp is popular for 
foliage lighting. The cost of the lamp and 
fixture is the lowest of the high-intensity 
discharge (HID) lamps. In general, it has a 
good combination of characteristics when 
no extremes are required. 



Metal halide (MH) lamps offer superior 
optical control and color rendition. Their 
efficacy is substantially better than mercury 
vapor lamps but slightly poorer than high- 
pressure sodium lamps. The light appears 
cool white and has a shorter life than the 
other HIDs. The cost falls between that for 
mercury vapor and high-pressure sodium 
lamps. 



High-Pressure Sodium Lamps: 

High-pressure sodium (HPS) lamps have 
excellent efficacy, superior optical control, 
superior life, and very low maintenance, 
which accounts for their popularity. The 
light tends to have an orange-yellow 
appearance and a mediocre color rendition 
of objects. It rarely enhances foliage colors 
because of deficiencies at the blue-green 
end of the color spectrum. If color is not an 
important consideration, this lamp can 
have broad application. The initial cost for 
the lamp and fixture may be higher than 
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Figure 540-15. Typical photometric chart for directional lighting: Displayed in candela. Maximum candela In this example 
is at 0" (2,200 candlepower). Conversion to lux (footcandle) can be calculated by the above formula. 



for metal halide. HPS lamps and fixtures are 
available in a wide range of sizes. 

' White'High-Pressure Sodium Lamps: 

These lamps provide excellent color rendi- 
tion in a warm tone similar to incandescent. 
Efficacy is sacrificed to obtain improved 
color. The resulting characteristics are a 
cross between metal halide and incandes- 
cent lamps. 

Low-Pressure Sodium Lamps: 

Low-pressure sodium (LPS) lamps have the 
highest operating efficacy but depreciate 
considerably over their lifetime. A large arc 
tube results in poor optical control, but the 
lamp does have superior life. The light itself 
appears an intense yellow and has very 
poor color rendition properties. Colors in 
the landscape appear as shades of gray. 
The costs are comparable to those of high- 
pressure sodium lamps. 
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4.2 Light Distribution 

Horizontal and Vertical Distribution: 

Horizontal illumination is especially impor- 
tant along the ground plane where 
changes in grade occur. However, a consid- 
erable portion of the night environment is 
perceived through direct and silhouette 
lighting of vertical objects and surfaces. 
Both patterns should be carefully coordi- 
nated in developing a successful lighting 
scheme. 

Illumination data for outdoor lighting 
fixtures are illustrated by the manufactur- 
ers' photometric charts. These charts illus- 
trate the actual light patterns and intensity 
levels on horizontal and vertical planes. 
Figure 540-13 illustrates basic photometric 
data for walkway, road or area lighting Lux 
(footcandle) measurements are given for 
horizontal distances based on mounting 
height and type of fixture. Spacing is deter- 
mined by identifying minimum desirable 
lux (footcandle) levels, and doubling the 
number of mounting height units 



Table 540-2. UNIFORMITY RATIOS 



Uniformity ratio 
lux (fc) Minimum, lux <fc) 



Visual description of illuminated field 



21.4(2) 
32.3 (3)' 

43.0 (4) 1 
107.6 (10) 



10.7 (1) 
10.7(1)' 

10.7 (1)' 
10.7(1) 



Just a visible difference in light intensities 

The high values of the field are twice as bright 
as the low values 



Very distinct focal highlights; spotty 



Photometric data for directional lighting, 
typically used for wall or signage applica- 
tions, are illustrated by Figure 540-14. The 
aiming angle is commonly specified, and 
the fixture type is selected based on dis- 
tance and illumination requirements. 

A third type of photometric chart shows 
the distribution of candlepower, or intensi- 
ty, in various directions, independent of 
any specific surface (Figure 540-15), The 
maximum value within any given point on 
the distribution curve can be converted 
into lux (footcandles) with the formula 
shown in Figure 540-15. This chart is occa- 
sionally used when determining light inten- 
sity and the angle of distribution for accent 
lighting (uplighting of trees, floodlighting, 
etc.). 

Basic Light Distribution Patterns: 

Spread and Path Lights: These fixtures 
produce circular patterns of light that are 
symmetrical around the light center 
Whenever fixtures produce a light pattern 




5TANDARD 6TREET 
FIXTURE WITH HIGH ANGLE 
ILLUMINATION 



CUT-OFF FIXTURE THAT 
REDUCE & GLARE 



* Average and minimum uniformity ratios usually recommended for roads 
1 Average and minimum uniformity ratios usually recommended for walkways 



Figure 540-16. Cutoff light distribution. 
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that is symmetrical, only one half is shown, 
permitting maximum size and accuracy (see 
Figure 540-13). 

Wall or Sign Lights: These fixtures are 
nearly always used to light vertical surfaces. 
Therefore, photometries are presented on a 
vertical plane with the fixture set at an opti- 
mum distance (which varies per fixture) 
and backlit from the plane (see Figure 540- 
14). For a long wall or sign, the spacing 
from fixture to fixture can be determined 
by overlapping curves until Ihe minimum 
acceptable light level between fixtures is 
established. 

Accent Lights: Photometricfor adjustable 
accent lights, where the aiming angle and 
distance to lighted objects can vary, must be 
expressed in terms of the light output from 
the source rather than of the light falling 
upon the object. Candlepower is measured 
on a typical plane through the fixture and is 
charted in curve form (see Figure 540-15). 
Conversion to lux (footcandles) can be 
accomplished by formula. 

Uniformity: 

The uniformity of an illuminated field can 
be described with a ratio of light intensity 
values in lux (footcandles). The uniformity 
ratio typically compares the average illumi- 
nation with the minimum footcandle value 
of a particular field. A low ratio appears 
more evenly lit and very uniform. The 
opposite is true for a high ratio where the 
two values are wide apart, resulting in a 
field that has distinct and contrasting val- 
ues. Refer to Table 540-2 for a general 
description of different uniformity ratios. 



Cutoff: 

Many kinds of light fixtures greatly reduce 
glare by restricting high-angle light to not 
more than 75 degrees above nadir (Figure 
540-16). The following criteria are the gen- 
eral industry classifications of degrees of 
high-angle cutoff: 

1. Noncutoff: unrestricted high-angle 
illumination. 

2. Semicutoff: not more than 5 percent 
of peak intensity radiating above 90 
degrees and 20 percent of peak inten- 
sity above 80 degrees. 

3. Cutoff: not more than 2-1/2 percent 
of peak intensity radiating above 90 
degrees and 10 percent of peak inten- 
sity above 80 degrees 

4.3 Categories of Light Fixtures 

Various categories of light fixtures com- 
monly used in outdoor lighting situations 
are described below (Figure 540-17). 

Low-Level Landscape Lights: 

Typical characteristics include: 

1 . Heights usually less than 1 800 mm (6 
ft) but sometimes up to 3 000 mm (10 
ft). 

2. Lamps may be incandescent, compact 
fluorescent, induction, mercury vapor, 
melal halide, or high-pressure sodium. 

3. Low-wattage capabilities, with limited 
intensities. 

4. Substantial variety, with some sizes 
and shapes fitting within modules of 
finish materials (brick, etc.). 

5. Finite light patterns, with directing 



capabilities. 
6. Light sources are usually below eye 

level, so glare must be controlled. 
7 Low maintenance requirements but 

high susceptibility to vandalism. 

Intermediate-Height Landscape Lights: 

Typical characteristics include: 

1. Average heights of 3 000 to 45 000 
mm (10 to 15 ft), 

2. Lamps can be incandescent, compact 
fluorescent, induction, mercury vapor, 
metal halide, or high-pressure sodium. 

3. Substantial variety of fixtures and 
respective lighting patterns. 

4 Generally used in or around pedestrian 
pavements, and considered pedestrian 
in scale. 

5. Lower fixture mounting heights are 
susceptible to vandalism. 

Parking Lot and Roadway Lights: 

Typical characteristics include: 

1. Average heights of 6 000 to 15 000 
mm (20 to 50 ft). 

2. Lamps can be mercury vapor, metal 
halide, or high-pressure sodium 

3. Used to light streets, parking lots, and 
recreational, commercial, and industri- 
al areas 

High-Mast Lights: 

Typical characteristics include: 

1 . Average heights of 1 8 000 to 30 000 
mm (60 to 100 ft). 

2 Lamps can be metal halide or high- 
pressure sodium. 

3. Used for large parking lots, highway 
interchanges, and recreational areas. 
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Figure 540-17. Categories of light fixtures. 
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ABOVE ft RAPE ACCENT LIGHT WELL LIGHTS WITH LOUVERS 



Figure 540-18. U plighting Figure 540-19. Upiighting (all-around viewing), 

(directional viewing). 




Figure 540-20. Moonlighting. Figure 540-21. Silhouette lighting. 




O Fi S ure 540-22. Spotlighting. Figure 540-23. Spreadlighting. 
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Figure 540-24. Pathlighting. 



Figure 540-25. Wall lights. 



4 Fixtures must be lowered to be main- 
tained 

4.4 Landscape Lighting Effects 

Six lighting effects most frequently used in 
outdoor lighting situations are described 
below (Figures 540-18 through 540-25). 

Uplighting: 

Uplighting for Directional Viewing: 

When a lighted object can be seen from 
one direction only, above-grade accent 
lights can be used. To prevent glare, fix- 
tures should be aimed away from observers 
and, if possible, concealed to keep the 
landscape uncluttered (Figure 540-18). 

Uplighting for All-Around Viewing: If 

the lighted object can be seen from any 
direction, then well lights with louvers 
should be considered (Figure 540-19). With 
newly planted trees, place uplights as close 
as possible to the outside of the root ball. 



Placing fixtures midway between trees is 
rarely satisfactory. The light typically misses 
the trunk and most foliage. It is particularly 
unsuccessful if trees are deciduous, espe- 
cially during the winter stage. 

Moonlighting: 

The effect of moonlight filtering through 
the trees is another pleasing outdoor light- 
ing technique Up-and-down lighting is 
used to create this effect, which requires 
that fixtures be carefully placed in trees 
(Figure 540-20). Ground lighting is accent- 
ed by shadows from leaves and branches. 

Silhouette Lighting: 

Trees and shrubs with interesting branching 
structure can be dramatically expressed 
when silhouetted against a wall or building 
facade. Such lighting also provides addi- 
tional security near the building (Figure 
540-21). 



1 . A variety of lamp types are commercially available. Selection of a lamp involves 
trade-offs between lamp size, optical control, efficacy, appearance, color tempera- 
ture, color rendition, lamp life, costs, and maintenance (Table 540-1). 

2. Illumination data for lighting fixtures are illustrated by photometric charts provided 
by the manufacturer. These charts illustrate light patterns on horizontal and vertical 
planes (Figures 540-13 through 540-15). 

3. Uniformity of illumination is described by a ratio of light intensity values in lux (foot- 
candles). A low ratio appears more evenly lit and uniform, while a high ratio displays 
distinct and contrasting values (Table 540-2) 

4. Light fixtures can be broadly categorized into four main types based on size and 
design purpose: Low-level landscape lights, intermediate-height landscape lights, 
parking lot and roadway lights, and high-mast lights (Figure 540-17). 

5. Levels of lighting are related to types of use and other characteristics within use 
areas. Table 540-3 lists recommended levels of illumination. 



Spotlighting: 

Special objects such as statues, sculpture, or 
specimen shrubs can be lighted with well- 
shielded fixtures using spot lamps (Figure 
540-22). By mounting lights overhead in 
trees or nearby structures, glare and fixture 
distraction can be eliminated. If ground- 
mounted fixtures are used, they should be 
concealed with shrubbery. 

Spreadlighting: 

Spread lights produce circular patterns of 
illumination for general area lighting 
(Figure 540-23). They are effective for 
groundcovers, low shrubs, walks, and 
steps However, to take full advantage of 
the light throw, fixtures should be kept to 
open areas so that shrubbery does not 
restrict light distribution. The overhead 
spread light provides additional height and 
throw. When used in eating or recreational 
areas, several fixtures should be used to 
soften shadows while creating a uniform 
lighting effect. 

Pathlighting: 

Path lights are essentially spread lights at a 
lower height (Figures 540-24 and 540-25). 
In areas where other landscape lighting is 
used, a high degree of light shielding is 
necessary for path lights This prevents the 
glare which inhibits a full view of the sur- 
rounding landscape. 

If no other outdoor lighting is used in the 
immediate area, less-shielded path lights 
may be acceptable. These fixtures illumi- 
nate the path and some of the surrounding 
landscape as well, but there remains the 
possibility that the glare will be disruptive. 
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Table 540-3. RECOMMENDED LEVELS OF ILLUMINATION 



Area/activity Outdoor facilities 


Lux 

(lx) 


Footcandles 

<fc) 


Area/activity Outdoor facilities 


Lux 
(lx) 


Footcandles 

(to 


Building exterior 






Local Roads 






Entry 






Commercial areas* 


9 


0.9 


Active use 


50 


5.0 


Intermediate areas" 


7 


0.6 


Locked or infrequent use 


10 


1.0 


Residential areas* 


4 


0.4 


Vital locations or structures 
Building surrounds 


50 
10 


5.0 
1.0 


Walkways 






Along roadside 






Building and monuments (floodlighted) 






Commercial areas* 


10 


0.9 


Bright Surroundings 






Intermediate areas* 


5 


0.5 


Light surfaces 


150 


15.0 


Residential areas- 


2 


02 


Medium light surfaces 


200 


20.0 


Distant from roadside 


5 


0.5 


Medium dark surfaces 


300 


300 


Park walkways 


5 


0.5 


Dark surfaces 


500 


50.0 


Pedestrian tunnels 


20 


2.0 


Dark surroundings 






Pedestrian overpasses 


2 


0.2 


Light surfaces 


50 


5.0 


Pedestrian stairways 






Medium light surfaces 


100 


10.0 


Light surfaces 


200 


20.0 


Medium dark surfaces 


150 


15 


Dark surfaces 


500 


50.0 


□art surfaces 


200 


200 


Gardens 






Blkeways 






General lighting 


5 


5 


Along roadside 






Path, steps away from home 


10 


1.0 


Commercial areas* 


10 


09 


Backgrounds, fences, walls, trees, shrubbery 20 


2.0 


Intermediate areas' 


5 


5 


Flower beds, rock gardens 


50 


5.0 


Residential areas' 


2 


0.2 


Trees, shrubs (when emphasized) 


50 


5.0 


Distant from roadside 


5 


05 


Focal points (large) 


100 


10.0 


Bulletin and posterboards, signs 






Focal points (small) 


200 


20.0 


Bnght surroundings 






Loading and unloading platforms 


200 


20.0 


Light surfaces 
Dark surfaces 
Dark surroundings 
Light surfaces 


5 

1000 
200 


0.5 
1000 

20.0 


Parking areas 






Self parking 
Attendant parking 


10 
20 


1,0 
2,0 


Dark surfaces 


500 


50.0 


Piers 






Roadways 






Freight 
Passenger 

Active shipping area surrounding 


200 
200 
50 


2.0 
2.0 
5 


Expressways 

Commercial areas* 


14 


14 


Intermediate areas* 


12 


1 2 


Playground 


50 


5.0 


Residential areas* 


9 


9 


Badminton (outdoor) 






Major Roads 






Recreational 


100 


10 


Commercial areas* 


17 


1 7 


Club 


200 


20 


Intermediate areas" 
Residential areas* 
Collector roads 

Commercial areas ' 
Intermediate areas' 
Residential areas' 


13 
9 

12 
9 
6 


1 3 
9 

1 2 
0.9 
06 


Baseball 






Recreatjonal 

Infield 

Outfield 
Junior League (Class 1 and 11) 


105 
100 


15 
10 
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Table 540-3. RECOMMENDED LEVELS OF ILLUMINATION (continued) 



Area/activity Outdoor facilities 



Lux Footcandles 
(Ix) (to 



Infield 
Outfield 

Semipro and municipal league 



300 
700 



Football 



Distance from nearest sideline to the 
farthest rows of spectators: 



Class I 



Class II 



Class III 



Class IV 



Class V 



(over 30.IXJ0 spectator,) 
uvet 100 ft (30 m) 1000 



(10 to 15.000 spectators) 

15 to 30 m (50 to 100 It) 500 



(5 to 10,000 spectators) 

9 to 15 m 130 to 50 ft) 300 



(under 5.000 spectators) 
under 9 m (30 ft) 200 



(no fined seating facilities) 100 
Handball and racquetball (outdoor) 



Recreational (two-court) 
Club (two-court) 



100 
200 



Hockey (outdoor) 



Recreational 
Amateur 



100 
200 



Horse shows 



Recreational 
Tournament 



50 
100 



Shuffleboard 



Recreational 



50 



Skating 



Roller rink 

Ice rink (outdoor) 50 
Lagoon, pond, or flooded area 



Ski slope 



100 
5 
10 

10 



Soccer (see Football) 
Softball 



Slow pitch, recreational (6 pole) 
Infield 



30 

20 



Infield 200 20 

Outfield 150 15 

On seats during game 20 2 

On seats before and after same 50 5 

Basketball (outdoor) recreational 100 10 



100 

50 

30 

20 
10 

10 
20 



10 
20 



5 
10 



10 



Area/activity Outdoor facilities 



Outfield 
Slow pitch, tournament 

Infield 

Outfield 
Recreational (6-pole) 

Infield 

Outfield 
Industrial League 

Infield 

Outfield 
Semiprofessional 

Infield 

Outfield 
Professional and championship 



Outfield 
Swimming (outdoor) 



Recreational 
Underwater 
Exhibitions 



Tennis (outdoor) 



Recreational 
Club 

Tournament 



Volleyball 



Recreational 
Tournament 



Lux Footcandles 
<lx> <fc) 



70 

200 
150 

100 
70 

200 
150 

300 
200 

500 
300 



20 
15 

10 
7 

20 
15 

30 
20 

50 
30 



100 
600 
200 



100 
200 
300 



10 
(60) 
20 

10 
20 
30 



100 
200 



10 

20 



Sou/re: Illuminating Engineering Society of North America, Mark Rea. (ed ) 
IES Lighting Handbook, Reference Volume and Application Volume, IES, New 
York, 1993 



"Areas are defined as follows: 

Commercial areas: Dense business distnets with heavy vehicular and pedestri- 
an traffic throughout the day and night 

Intermediate areas: Moderately heavy pedestrian traffic during nights 
(libraries, recreation centers, large apartment complex, neighborhood retail 
stores) 

Residential areas: Predominantly a residential area with light pedestrian traffic 
at n.ght (single family.mulhfamily apartments) 
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Figure 540-26. Low -voltage lighting system. 



5.0 LOW VOLTAGE SYSTEMS 



Low voltage lighting systems offer an alter- 
native to more energy-consumptive 120 
volt systems. These systems work particu- 
larly well in informal, small-scale, residential 
settings. In addition to reduced energy 
usage, low voltage systems offer safe and 
easy installation, longer lamp life (up to 
twice as long as 120 volt lamps), small fix- 
tures that can be hidden in the landscape, 
and very low light levels to achieve a vari- 
ety of lighting effects. Low voltage systems 
are not typically appropriate for larger pro- 
jects requiring significant levels of illumina- 
tion, or public sites where durability is a 
concern. 



Low voltage systems include a trans- 
former, cable, connectors, and the fixtures. 
Figure 540-26 illustrates the components 
of a typical system. 

Transformers are required to convert 
standard 120 volt output to the proper 
operating voltage. They must provide ade- 
quate power to accommodate all fixtures 
proposed, including anticipated expansion. 
The transformer's wattage rating must be 
equal to or greater than the wattage of all 
fixtures combined. Large or diverse lighting 
schemes may require multiple transformers. 
Transformer may use manual, automatic 
timer, or photocell systems that detect light 
levels to turn power on and off for the sys- 
tem. Current photocell technology is suit- 



able only for small-scale residential applica- 
tions due to reliability concerns. 

Systems typically use 12 gauge low volt- 
age cable feeds with 18 gauge fixture wire, 
unless otherwise specified by the manufac- 
turer. Plastic connectors are used to join 
each fixture to the cable feed. 

A wide variety of low voltage fixtures are 
available to achieve various lighting effects. 
Refer to 4.4 Landscape Lighting Effects in 
this section for information on different 
lighting strategies. 



6.0 RECOMMENDED LEVELS 
OF ILLUMINATION 



The levels of illumination listed in Table 
540-3 represent current standards in the 
lighting industry. 
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1.0 INTRODUCTION AND 
PURPOSE 



The methods by which plants are cho- 
sen and the functions that they are 
intended to serve in designed land- 
scapes have been expanding While serving 
as sources of aesthetic pleasure, plants also 
reinforce the existing native ecosystem and 
work as bioengineering agents for soil 
retention and restoration. 

This section provides information on 
planting design and plant-related technolo- 
gy. It is assumed that the reader has a 
working knowledge of plant materials and 
their uses or has sought such information 
elsewhere. 



2.0 DESIGN CRITERIA 



Certain procedures are common to many 
planting design processes. A balance must 
be struck between considerations of plant 
function, cost, hardiness, safety, and main- 
tenance. 

2.1 Major Functions of Plant 
Materials 

Aesthetics: 

Visual principles of color, texture, scale, and 
rhythm can be used to create an aestheti- 
cally pleasing human environment Special 
plantings of high visual interest or quality, 
like specimen trees or perennial borders, 
can be used to dramatize certain views or 
alter a user's perception of scale. 

Table 550-1 is a crown density matrix 
which illustrates the shade characteristics of 
a variety of trees. 

Fragrant plants also contribute to the 
quality of human experience in the land- 
scape. Conversely, the unpleasant odor of 
some plants may make some people nau- 
seous (Refer to Table 240-2 in Section 240, 



Outdoor Accessibility, for a listing of some 
plants that bear unpleasant odors). 

Efforts should also be made to support 
the existing visual character and ecological 
function of the site within its regional con- 
text wherever possible. The use of native 
plants mixed with a small proportion of 
compatible exotics is generally encouraged 
in order to add interest and variety while 
reflecting a regional context. 

Environmental Modification: 

Outdoor spaces that do not fall within the 
physical range of human comfort will not 
be used. The microclimate of an outdoor 
space can be changed through the careful 
placement of trees and shrubs to block 
excessive sun or wind. Plantings can also 
reduce snow drifting across roads and other 
passageways. For more information on cli- 
mate control, refer to Section 220: Energy 
and Resource Conservation. 

Screening: 

Living barriers can range from semitrans- 
parent visual screens to formidable thorned 
hedges. Plant screens can provide privacy, 
mark boundaries, discourage intruders, or 
block unpleasant views. 

Circulation Control: 

Plantings can control and direct the move- 
ments of people, animals, or vehicles. 
Where established pedestrian shortcuts are 
to be discouraged, thorned, dense-growing 
plants may be necessary to change user 
habits. 

Production: 

Plants have long been harvested for food, 
flowers and raw building materials. They 
also provide food and shelter for wildlife. 
Planting can encourage the presence of 
birds, butterflies or other forms of wildlife 
for human enjoyment In some cases, a site 



can be designed to support regional 
ecosystems. 

Bioengineering and Other Forms of 
Structural Mitigation: 

The natural regenerative tendency of plant 
material can be used to stabilize eroded 
banks, revitalize damaged soils, or streng- 
then wildlife habitats. Some of these mitiga- 
tion techniques are discussed in 6.0. 
Specialized Planting Strategies, of this section 
and in Section 640: Disturbed Landscapes. 

2.2 Cost 

Initial nursery and planting costs must 
always be balanced against the cost of 
long-term maintenance. Some slow-grow- 
ing trees are expensive as nursery stock but 
require little care once established and can 
grace the landscape for hundreds of years. 
The initial labor expense of careful planting 
may also be balanced in the long term by 
the sturdiness of a vigorous, healthy plant 
that has been handled gently, planted 
properly, and placed suitably for its require- 
ments 

Plant materials are available at nurseries 
in different forms, depending on the cultur- 
al practices of each nursery and on market 
demands. Some of the most common 
forms are discussed in Table 550-2, 
grouped by plant type 

Specimen Plantings: 

A "specimen" plant is chosen for the high 
visual quality of texture, color, or form it 
can provide at a crucial focal point in the 
landscape. A specimen plant is generally 
installed as a mature plant, when its true 
form and unique, individual character has 
begun to emerge; thus, it will be more 
expensive than plant materials used for 
massing. 



tic 

~ Table 550-1. CROWN DENSITY OF VARIOUS TREES 

c 



c 
o_ 
O 



Least Dense 


Less Dense 


Moderately Dense 


Somewhat Dense 


Most Dense 


Palo Verde 


Larch 


Tree of Heaven 


Tulip Tree 


Japanese Pagoda Tree 


Horsetail Casuanna 


Kentucky Coffee Tree 


Bald Cypress 


Sweet Gum 


Littleleaf Linden 


Thornless Honeylocust 


Ginkgo 


Camphor Tree 


Dawn Redwood 


Norway Maple 


Jacaranda 


Amur Cork 


London Plane 


Pin Oak 


Willow Oak 


Desert Willow 


Yellow wood 


Red Maple 


Modesto Ash 


Live Oak 


California Pepper Tree 






Sugar Maple 


Chinese Elm 






Red Oak 


Sterile Mulberry 
Indian Laurel 
American Holly 
Southern Magnolia 
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Plantings vs. Hardscape Costs: 

Plants can be used in many of the same 
ways that "hard" building materials are 
used ■ to form outdoor walls, ceilings, 
fences, etc. Although they require more 
space on a site, plants are typically less 
expensive to buy and install than hardscape 
materials, and can require less maintenance 
if properly chosen. 

2.3 Hardiness 

Within the United States, the hardiness rat- 
ing of a given cultivar can easily be checked 
against the zones for hardiness established 
by the USDA (Figure 550-1). However, the 
hardiness of individual specimens of a given 
variety will vary greatly depending upon 
the climate in which they have been raised. 
Therefore, locally grown plant materials 
that are fully adapted to the region should 
be used whenever possible Use reliable, 
local nurseries that know the origins of 
their plant materials. 

Favorable microclimates on-site can also 
be exploited to allow the use of plants that 
might not normally survive the conditions 
of a region. 

2.4 Safety Considerations 

Designing safe environments depends on 
matching the proper plant to the proper 
place. Some plant characteristics that 
should be considered include whether parts 
of the plant are poisonous, how much litter 
the plant produces, the weakness of limbs, 
whether drooping branches will obstruct 
pathways, whether roots will break pave- 
ment, the existence of thorns, and whether 
the plant attracts stinging insects or other 
pests. See Table 240-2 in Section 240 
Outdoor Accessibility, for listings of specific 
plants in these categories. 

Poisonous Plants: 

Plants with brightly colored poisonous 
berries or leaves should not be used where 
children may be tempted to eat them. 
Some plants can cause an allergic reaction 
when touched. These should be located out 
of reach. Table 550-3 lists some common 
poisonous and allergy-inducing plants. 

Utter-producing Plants: 

Plants that produce messy fruit or nuts, 
cones, seed pods or excessive leaf litter are 
hazardous to pedestrians and hinder pas- 
sage of many wheeled vehicles like strollers 
and wheelchairs. In addition, some may 
stain clothing or pavement surfaces. 



Weak-branched Plants: 

Large branches may be susceptible to 
breaking from wind and ice and can cause 
damage and/or pose obstacles if they fall. 
Weak forks in trees may also present seri- 
ous safety implications. 

Plants with Drooping Branches: 

Branches that hang Into walkways or 
streets can in|ure pedestrians and cyclists 
and may cause damage to larger vehicles. 

Plants with Shallow Roots: 

Roots near the surface can cause sidewalk 
heaving, creating uneven paths that are 
impassable for small-wheeled vehicles and 
are dangerous for pedestrians. 

Thorned Plants: 

Thorned plants can be dangerous to brush 
into or fall against. Thorned leaves, twigs 
and branches that litter the ground can also 
be dangerous for people wearing light 
shoes or going barefoot. 



Plants that Attract Insects: 

Some people have severe reactions to 
insect bites and stings. Plants that attract 
stinging pollinators or other insect pests 
should be placed away from sitting areas 
and walks. 

2.5 Maintenance Considerations 

Important considerations for minimizing 
long-term maintenance problems include 
physical separation of incompatible ele- 
ments and designing with integrated pest 
management in mind. These maintenance 
problems can be grouped in the following 
categories: 

Proximity to Mechanical Activity: 

The vigor of a tree or shrub can be greatly 
reduced through repeated wounding by 
lawnmowers and string trimmers that girdle 
the trunk, or passing vehicles that may 
break branches. Soil compaction caused by 
pedestrian or vehicular traffic can also dam- 
age plantings. 



Planting design must strike a balance between considerations of plant function, cost, 
hardiness, safety, and maintenance. 

1 . Efforts should be made to support the existing visual character and ecological func- 
tion of the site within its regional context, through the use of native plant materials 
wherever possible. 

2. Plant material can be used to create comfortable microclimates, provide screening, 
circulation control, wildlife habitat, and mitigate erosive slopes or contaminated sites. 

3. Initial nursery and planting costs must always be balanced against the cost of long- 
term maintenance. Plants are typically less expensive to buy and install than hard- 
scape materials, and can require less maintenance if properly chosen. 

4. In the United States, the hardiness rating of a given cultivar can be checked against 
the zones for hardiness established by the USDA (Figure 550-1). locally grown plant 
materials that are fully adapted to the region should be used whenever possible to 
ensure hardiness 

5. Many plant materials are poisonous, thorny, produce excessive litter, are susceptible 
to broken or drooping branches, have shallow roots, or attract undesirable Insects. 
Care must be taken in selecting plants which are safe for users and suitable for a 
given purpose. 

6. Variety is encouraged to promote a diverse plant community that has a healthy 
resiliency to attack by insects or disease, especially in urban street tree applications. 
No single genus should be represented in an area by more than ten percent of the 
overall planting scheme. 

7. Trees and shrubs should be protected from lawnmowers and string trimmers that 
girdle the trunk. Passing vehicles may break branches and compact the soil which 
can also damage plantings. 



c 

in 
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Figure 550-1. USDA Plant hardiness zones. 



Placement of Plantings: 

Plant saplings that will become large trees 
under electric utility right-of-ways necessi- 
tates major trimming of limbs that often 
results in misshapen trees with weakened 
defenses. Close study of cultural require- 
ments and mature size will eliminate many 
similar problems. Fitting the right plant to 
jjjj the right place includes using plant materi- 
jg als whose requirements for water, light and 
'+Z soil match the site conditions; placing 
Gj plants that will be large when mature away 
— from electric lines and other structures; and 
°- using hardy plant materials as discussed in 
"O Subsection 2.3, Hardiness, of this section. 

*^ Diversity of Plant Communities: 

*2 As chemical measures for fighting attacks 
of insects and disease become less effec- 

~ tive, designing to resist these attacks 
becomes crucial. Monocultures can provide 
a fertile breeding ground for these prob- 

|^ lems. Designs that group large numbers of 

■ trees of the same cultivar or even from the 



same genera are highly vulnerable to 
attack. As Dutch Elm Disease has demon- 
strated, reliance on a single plant is also 
risky when that plant provides the back- 
bone of a design. If the plant is wiped out 
by disease, the landscape will take many 
years to repair. For these reasons, no single 
genus should be represented in an area by 
more than ten percent of the overall plant- 
ing scheme. Variety within these genera Is 
further encouraged to promote a diverse 
plant community that has a healthy 
resiliency to attack by insects or disease, 
especially in urban street tree applications. 

Disease and Insect Resistance: 

In conjunction with the recommendations 
above, it is important to study the condi- 
tions of the site and to select a cultivar 
resistant to potential disease or insect prob- 
lems. For trees, use of reference materials 
such as those found at the end of this sec- 
tion or consultation with a reliable arborist 
will aid in selection. 



Proximity of Plants: 

The root systems of large trees can extend 
out horizontally several times the height of 
the tree. Many trees suffer disease due to 
proximity to heavily irrigated lawns Plants 
should be grouped according to their 
requirements for sun, water, and soil chem- 
istry. 

Some insects and diseases have devel- 
oped a life cycle that relies on several 
plants. The Cedar-apple Rust that attacks 
crabapples from junipers is one example 
These plants should be kept separate to 
avoid outbreaks. 

Long-Term Maintenance Costs: 

Determining how much a client is willing to 
spend on long-term maintenance is very 
important for ensuring a good fit between 
site and design. No design is maintenance- 
free, but the plants used can be tailored to 
fit the budget that will provide for their 
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OUTLINE OF TREE CROWN (EDGE OF DRIPUNE) CORRESPONDS 
WITH ROOT SPREAD. 

TRUNK PROTECTION B0ARD5 MIN. 50mm (2") THICK. 

BENEATH BOARDS ARE 3-4 LAYERS OF BURLAP AROUND TRUNK, 

TIE BOARDS SECURELY AT TOP. BOTTOM AND CENTER WITH 

HEAVY DUTY CORD. WIRE, OR CABLE CHOKERS. 

COVER PLYWOOD LAYER WITH M-150mm (3"-6") Of FILL. 

SPREAD 20mm (3/4") THICK (USEO) PLYWOOD SHEETS OR EQUAL 
AT TREE BASE TO ABSORB OR SPREAD ANY VEHICULAR 
LOADS OVER ROOT AREA WITHIN DRIPUNE ZONE. 

EXISTING GRADE 

NOTES: 

1. USE THIS DETAIL WHERE USE OF PROTECTIVE FENCING 
DOES NOT ALLOW FOR SUFFICIENT CONSTRUCTION 
MANEUVERING ROOM. 

2. REMOVE ALLL CHOKERS. BOARDS, ROPES. FILL AND PLYWOOD 
IMMEDIATELY AFTER COMPLETION OF CONSTRUCTION. IF 
CONSTRUCTION TIME IS EXTENDED. DO NOT ALLOW THESE 
MATERIALS TO STRANGULATE TREE OR DAMAGE BARK. 

3. IF LOWER LIMBS INTERFERE WITH WORK, TIE UP WITH HEAVY 
DUTY JUTE CORD. 

4. TIE UP LIMBS IN WARM WEATHER IF POSSIBLE. 

5. ADJUST HEIGHT OF PROTECTIVE BOAHOS TO PREVENT 
ANTICIPATED DAMAGE BY EQUIPMENT. 




FASTEN PLYWOOD SHEETS TOGETHER WITH SOxlOD'S (2«4) 
PLYWOOD SHEETS 

TREE TRUNK WITH PROTECTIVE BOARDS 
DRIPLINE OF TREE 

BO-TMmm (3"-6") OF FILL OVER PLTWOOO TO KEEP IT 
IN PLACE 



Figure 550-2. Protection of existing tree during construction. 



weeding, pruning, and other necessary 
maintenance. 



3.0 ASSESSING EXISTING 
VEGETATION 



One of the first steps in assessing a land- 
scape is examining the existing vegetation 
on the site. The age and health of existing 
plants generally determine their value as a 
continuing element of the landscape. 
Appropriateness of existing materials to the 
site, aesthetically and functionally, should 
also be taken into account 



3.1 Protecting Existing Plant 
Materials 

Existing plants and new plantings need to 
be protected from physical injury and root 
zone compaction during periods of con- 
struction. When the root system is dam- 
aged or impaired, the loss of moisture 
through leaves can quickly outpace the 
amount taken up by roots. Young fibrous 
growing root tips must be protected as they 
are the primary absorptive parts of the sys- 
tem. 



During Construction: 

A common method for protecting existing 
plants during construction is to erect a bar- 
rier around the plant, enclosing an area as 
large as the root zone of the plant or plants 
to be protected. This prevents compaction 
of soil and other forms of damage to the 
existing roots and also prevents mechanical 
damage to the plant. Figures 550-2 and 
550-3 illustrate ways to protect plant mate- C 
rials during construction. JS 

Long-Term Protection: 

Roots require a continual supply of air, JJf 
which is normally present in tiny air spaces JH 

Ml 



c 
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Figure 550-3, Protection of existing tree during construction. 



(pores) between the soil particles surround- 
ing the roots. Because of this need for air, 
as well as the need for water, the majority 
of a plant's root system lies within the top 
450 mm (18 in) of soil, regardless of the 
type or size of plant. Measures must be 
taken to ensure that the root zone of a 
plant (the area within the dnpline of the 
plant) is neither compacted nor covered 
with a material that would restrict the 
amount of air or moisture reaching the root 
zone. This type of protection is particularly 
important in stressful situations such as 
urban environments, which is discussed in 
k£ 6.3: Urban Forestry, of this section. Division 
C 900 illustrates techniques for restricting 
^3 compaction of the root zone in heavily traf- 
C ficked areas such as pedestrian walkways. 

Q- 3.2 Invasive Species 

the widespread availability and use of cer- 
rtJ tain non-native plant species in commercial 
l/» planting has provided a base for these 
introduced plants to invade native wild 
CO areas. Plants introduced to a region where 
~ they do not naturally occur can have seri- 
ous impacts upon the ecosystems of that 
^5 region, choking out native growth and 
|^ eliminating the food and forage the native 
|^ plant provided. Other consequences of 



invasive plants include altering water table 
levels, changing the levels of nutrients and 
the chemistry of soils, harboring insect 
pests, and interrupting the proper succes- 
sion of native plant communities. 

Frequently the qualities that make a 
plant valuable in the cultivated landscape 
(vigorous growth, tolerance of poor grow- 
ing conditions, resistance to local diseases 
and insect pests, etc.) are those qualities 
that allow it to out-compete natives in the 
wild. Thus many of the plants that appear 
on "problem-solving" lists are also invasive 
plants. 

Table 550-4 lists invasive species by 
botanical name, common name, and the 
regions in which they are most destructive. 
It is difficult to predict the behavior of a 
new species when first introduced to a 
region Responsible planting plam avoid 
untested exotics as well as those known to 
be aggressive invaders. 



4.0 PLANTING PLANS, DETAILS, 
AND SPECIFICATIONS 



Most proposals for site development 
require preparation of planting plans, 
details, and specifications that direct the 



work of installing plant materials. Planting 
plans, together with construction details for 
their installation, typically comprise part of 
a complete set of working drawings for 
project construction 

Planting plans should include common 
and botanical names of all plant materials, 
their proposed locations (as well as loca- 
tions of existing plant material), their sizes, 
and quantities. Most of this information 
typically is shown in a plant list somewhere 
on the drawing(s). Plant size designations, 
including height, caliper, ball or pot size, 
etc., are referred to in the United States by 
national voluntary standards set up by the 
American Association of Nurserymen in 
their publication American Standard for 
Nursery Stock. Figure 550-4 illustrates a 
sample planting plan and schedule. 

4.1 Proper Techniques for Planting 

Poor installation kills many plants before 
they reach maturity. Research has demon- 
strated that many traditional planting prac- 
tices are detrimental to the long-term 
health of plants. The following techniques 
are necessary to insure the survival and 
long-term health of installed plant material 
(Refer to Table 550-5 as a general guide to 
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Trees 

Container Ircn 

Of rnetal CJ.n^ 



t 3 LANT 



sixes of 1. J, 5. and J gallons. 



em m plastic 
typically corn? in 



« are the mosl 
common medium sl/ed specimens, They 
arc hrld'g'own jnd dug f c*r the planting 
i*?dwjii. with j bill of field soil retained 
around the root-. The ball Is then wrapped 
with burlap Of 'i-ss frequently with plasbc 
cloth or wire cage* 

Boxed free* air commonly older. larger trees 
that have been moved to large wooden 
containers. 



ADVANTAGES 



• yuunge* trees establish themselves fatter and 
have more ffewbllity to adapt lu the conditions 
of their new homes 

• container trees can be healthier m the long run 
than older stccV 

• no circling jooLs 

• can lie mow hardy than other forms, 
ind wrapping the root ball 

■ mare (.are must be taken at planting 
lime to ensure that the wrapping 
materials ore adequately removed la 
avoid future root and trunk gudlmg 

• provides Instant effect 

• more expensive, to purchase and Install 

• harder to handle <n the field 



DISADVANTAGES 



•do nut provide "mature" appearance 
lor many years 

• may develop circling roots it left in 
container too long 

• some roots may have been damaged 
or severed in the process nf diggmg 



• can be flower to recover from 

transplant 



Shrubs and Perennials 

flare-roof pranfj arc void In a dormant stage 
Top?, and iools ,t/e pruned back, and most of 
the soil is washed away from the roots 

Container plants are sold with upper branches 
and root syslemv intact and are availanle 
year- round. 



[ can be found In hjur-inth 
pofc, either plasut ui peat Plastic pots an: 
handled as container plant* and share the same 
advantages and disadvantages Peat pots are 
not as common but have some advantages 
ower plastic pots 

Groundcovers 



plants and Mfl be healths «ri the Inng.iun 

• flower and leaf color are easy to verify 

• a wider variety of plant matenal is available m 
container form 

• can be planted year round 

• peal pots can be set directly In the toll and left in 
place, where they i 
foot disturbance 



ContMlijtn art- used for large prostrate shrubs 
that function as groundcovers 



• better for large areas of groundcover 

• sturdier at outset 



• must be bought and planted m the 
proper season 

• ctwartenstir:* INm flower and leaf 
color are not visible .3t time of purchase 

• can be root-bound, leading to poor root 
development later 

• more expensive than bare-root 

• peat pots can slow the initial root 
growth as roots attempt to push 
through peat walls 



Fittt are hays ^ wall, quick -spreading 
plants that have been started Injm cuttings or 
seed Plants are grown lu form a mat ol stem 
and root growth that must be cut into plugs 
or separated by nand lor planting 

Seeds are nut commonly used in commercial 
landscaping* although they are popular lor 
home gardeners f jcceptions to thn Include 
hydrosoedlng. discussed below, regenerative 
planting techniques, discussed m Section MO. 
and popular mniures of wtldflower teed that 
can be scattered to k>rm a "natural* looking 



es that are difficult to 

ians A chosen seed mixture 

MtO trie slope in a solution 



• economical, ran be planted quickly and easily 



• plants growi 
to the inW, i 

• it 4 easier ti 

• If "wildflPW' 
miifturcs* a 
torn pout inn 
checked car 



ihrMpesI way tu plan, 

n from local seed are well-adapted 

i necessity for restoration 

i achieve a random pattern 

pr mixtures" or "native 

re to be used, the 

of the mix mult be 

c fully 



stabHuafjcm u* 
access by oth« 
is sprayed dire 
of mVbm and water 

Annuals 

Mutn pick annuoh are sold wilh each plant in 
a separate plug of soil 

Container mmth are W'ger 

feed's are not rmmmonry uved in commercial 
or tesidenbal applications See the section lor 
seed* under Gruunricovers above (or a division 
of advantages and disadvantages. 

Turf 



•large areas can be planted quickly and 
■ areas can be planted which are otherwise 

or impossible 
• choice nf seed may he (united 



• economical 

• wide range ol plants 

• mature and till in taster 



in this lorrn 



Sod is grown in a held Upon ordering, the 
sod is peeled up rolled or stacked, and 
delivered to the site Sod fs the most 
common way In install lawn turf 

Seed Is town efir«dy Into a prepared plot 



Sprigged Uwns ire started from plugs of 
grass plan ted at wM intervals 



• instant effect 

• good, even coverage 

• ha* tn be installed very win after 

delivery 

■ economieaJ 

• wide vanety available via mail order 

• economical 

■ faster to establish than seed 



planted flats 

■ smaller root balls are more susceptible 
to drying out during and immediately 
after planting 



• patterning of plants *s harder to control 

• long growing period before plants 
begin ki bloom, uujally much latei 
than greenhouse grown annuals 



(the 



• initial appearance is un, 
solution Is dyed to aid In the 
application process) 



• take longer to fill in than larger plants 

• more expensive than multi-pack 



• not appropriate lur steep slopes or vary 
very large arras 



• slower to grow to finished appearance 

• can require touch up seeding if initial 
application was uneven 

• lake several weeks to fill In 

• requires care to keep weeds from 
growing between plugs of grass 



Adopted from Trro jjio Urftart DfjJjffl by Henry F Arnold. iW 
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TREES 

AG 
MS 

SHRUBS 
CS 
IC 
IG 
MP 



Amelanchier x grandifloro (multi-stem) 
Magnolia x soulangiana 



Cytissus scoparius 
Ilex crenata 'convexa' 
Ilex glabra 'compacta' 
Myrico pennsylvanico 



Apple Serviceberry 
Saucer MagnQlla 



Scotch Broom 
Japanese Holly 
Inkberry 

Northern Bayberry 



1 I 0*- 12' HT. B&8 
3 B"- 10* HT. B&B 



3 

12 

10 

22 



3'-4' 
2'-2.5' 
2'-2.5' 
5'-6' 



BAB 
B&B 
B&B 
B&B 



As Shown 
As Shown 



As Shown 
As Shown 
As Shown 
3' o.c. 



c 

J 

-D 

n 
| 

Q- 



PERENNIALS 
AM 
AF 
CR 
CM 
CZ 
EP 
GM 
IP 
IL 
HO 
PA 
PL 
VC 

NOTE: 



o 

Ifl Figure 550-4. 

m 



Achillea Moonshine" 
Aster x frikartii 
Carnpsis radicans 
Convollaria majalis 
Chrysonthemum zawodskii 
Epimedium pinnotum 
Geranium macrorhizum 
Iris pumilo 

Iris laevigata 'Voriegota' 
Helleborus orientolls 
Pulmonoria ongustitolia 
Poeonia lactifloro 
Viola canadensis 



'Clara Curtis' 



Yorrow 
Aster 

Trumpet Creeper 
Lily-of-the-Valley 
Chrysanthemum 
Persian Epimediur- 
Hordy Geranium 
Dwarf Bearded Iris 
Variegated Rabblteor Iris 
Lenten Rose 
Blue Lungwort 
Chinese Peony 
Conodo Violet 



95 


! 


GAL. 


CONT. 


18" o.c. 
18" o.c. 


10 


'■ 


GAL. 




4 


1 


GAL. 


CONt 


As Shown 
12" o.c. 


102 


1 


GAL. 


CONT. 


12 


I 


CAL. 


CONT. 


24" o.c. 


967 


1 


GAL. 


CONT. 


1.2" o.c. 


39 


1 


GAL. 


CONT. 


24" o.c. 


15 


1 


GAL. 


CONT. 


12" o.c. 


15 


1 


GAL. 


CONT. 


12" o.c. 


20 


1 


GAL. 


CONT. 


24" o.c. 


40 


1 


GAL. 


CONT. 


12^ o.c. 


12 


1 




CONT. 


30" o.c. 


B9 


1 


GAL. 


CONT. 


18" o.c. 



The Plont Schedule shall have precedence over the Planting Plan labels in the event ol 
quantity discrepancies. 



any 



Sample planting plan and schedule. (Courtesy of Denig Design Associates, Inc., Northampton MA.) 
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Table 550-3. POISONOUS AND ALLERGY - INDUCING PLANTS 



Botanical / Common name 


Poisonous 
berries or 
seeds 


Poltonous 
leaver 


Skin irritant 


Other information 




Abrtn precatorlui ■' Rotary pM 


Shiny red 
teedi 






Highly tonic, insertion of one seed 
cart b* fatal 


Ai'jnilum kp 1 Monkshood 




K 




HarxJysj*. can be TaiaJ 






X 




VorrubnR A dlaimca, un be tifai 


A*a« amencana 






Spiru-s 


Sow petiptr jre aUflgit In iptrn** 


AilinltKJt ultissima 






Leave, t/ 
iiowe ■, 


Wild skin irritation <n ionw people 


Arcca calachu / B«4*l nut 
Hums «mp*fv«rrni / Boxwood 








Narcotic effect, conditions can be 
fatal 


a a 




VcMTUbng & dlairhea, curvuWons 


Caryola sp Flthtail Palm 




Fruit, up 


Swere itcturuj and dun imtatton 




Yeflijwroning* 
berrie* 






vomrtlnii, nau!*s 


Cntrurn sp ' Jetunima 


* 






l-bllucmatiom.fever. p*vaJy>«; can be 
latal 


Colocuia ewulcnU ■ Elephant eu 






leaves 


Mild dtfn Irrttatlon 


Conv.llarta Mi|ilU / Uly of the valley 


Bright fed 
berries. 




X 




tycadi 


■ 


■ 




nauiM vomirjna; t> durrtiej 


Daphne ip. 


Red b*m«, 
nnl often 
seen 






Highly ioxk, a few bHritl v*allo*ed 
uiuaiy fatal 


Dalura ip 


a 


a 




Halluonatiow. rapid Nfartbeat, 
p u j 1 f \ 11 


[MflttfBn ip Ble-etUng hcjirl 


a 




■ % t .| ■ .| -i i .. trembkn^ 


,..,,„,:..;,,.,,..,:,„., 


. 


X 






Duiauta repent Golden dewdrop 


YeBowfrtiK 






L ,r ;jwiif>f''iV fevrr, can be faUl 


Euphorbia tp 




San 


SVni irnt.ihrjn, bk*l**rm^ 






X 




Weahne» r retpirdlury failure, can or 
lataJ 


GymniK laudui dioka r Kentucky coffee tree 


1 






Vfjmnmjj \ tkiirtir-.i 


rladera helix ■ i* ghsh ivy 


Hi 11.1 berriH 






OitticuJt brealhrn^ and conu: can be 


Helleborus niger J Christmas rose 








Skin Irrttatlon, vomiMnd & diarrhea 


Hura crepitant / Sandbox tree 


m 


ft 




Vomttinj oV dutrrttea, skin Imtatlnn 


Hydrangea ip 


■ 


a 




Mild n^iJWfl 


\m ip 


a>. 




VnmiKng & diarrheit 


Jatropha gotiypifoLiA ■ bellyache bush 






NdLrua, vomitme; 


Kaknli liDfolU i Mourrtwn laurel 


i 


ft 




Highly lot* In large quantities but 
twite* Lrstlnfj, io( dangrroui 


Laburnum ana&yioldei / GokJemham tree 


Seed podi 






Vurmliri| & di*rrtwa, Icm ol nitride 
coordination 


Untini ip 


Black bema 


H 




Severe wjrn«t>nj( & diarrhea, lethargy, 
drKlculry breathing un be fatal 


Lieuilium vulgar*. : Privet 


Blue berries 


K 




Severe vomiting, nausea, & diarrhea 


Malta aaexJarach / Oitn*b«ny tree 


Small orange 
berries 






Nrfuirf-A. vomriJnj{. Thorinmv ut 
breath, par afytli, can be fatal 


fS -.ih» . .1 Foul O'clock* 


X 


K 




N.i.r.c.i varmhng. & durthea 


Nenuni oleander / Oiiwndar 


fi 


All pajfH, tip. 
Iravet 




Nju«i. vombng, & diarrhea 
inrgulai heartbeat, can befalal 


Nil .ii . ... sp 








Nay\M, ynmitirig 6 dmrrhea. ifow 
puhu*. dl/rlnm 


Opuntla sp / PncMy pet! ind diolL* 






Spinet/ 
b/lule* 


Work mtn skin, PncVly pear and 
chrrlU cjusmg Irntation and 
WreneM 


Parthenociisu-. quinquelolLi < Virginia creeper 


Blue berri« 






May be pohnrKnJv few poisonlnes 
reported 




Seed podt 






Nauiea. wmrtiruj 


Rhododendron sp. | Rhododendron, azalea 


X 


x 




pQnoning n vory are, but when 
reported, lyihplorm indude 
unmrtinR slowed pukr, tote or 
niuwr.le rorydHiabon 


ftkmut crcmmuni\ / Castor bran 


X 


■ 


i ■.- toxic ingestion of only four 
vt:ed> can hir latal 


RobmU pteutkMcacia l Black lotuit 


X 






Miuvi, vnmitip^. drprrsviTn 


1 mi b ■ tp / Elderberry 


Berne* 
poisonous, 
until rfpe 


X 




Nausea, vormling 6 d<annea 


v In,,.... tercblnlhiotolkus 1 Brazilian pepper tree 






X 


Some people are rrxklry aUerjilt la 
bemes and leaven 


Stfbanla puntcea l Scarlet Wi%tena live 


FTpwan and 
seedi 






Diarrhea, rapid pulse, dilficult 
braadhinf, can be fata) 


Solandri ip 




Learn and 
flowers 




Vcw*il1m( h diarrhea, dnwvti^^ 
paralyua, can be dlLiJ 


Solamim tp. / Potato vine, belladonna, 
nightshade 








NaLrtea. vimilmg, drow<Jne»% 
paralysis . can be ULlI 


Sophorx ■ .! ■ i < ■ - .i / Metcalbaan 


Seed* 






Niiuiea, vamitmjr,. rk diarrhea, 

tialiucmatloiis. one vml Can be 'iltal 


T.imr. •.(,. 


Slight riff 

ttefHts 


X 




Nauvea, vomitmg ditfeult breathing; 
caJi tjr- Fatal 


Trwrvrtli *p ! fallow oleanders 


a 






Vomiting, irregular heartbeat.; ran be 
fatal 


Wisteria ip.l 


seed t»riv 






■i .... | v .,n 1 II,; .I..M .. . 



plant spacing when placing plants in rows 
or large masses). 

Condition of Plants Upon Installation: 

The health of plants upon installation is the 
most important factor for their long-term 
health. Inspect plants carefully upon their 
arrival at the site. Damage to leaves and 
stems can occur during transport and han- 
dling. There should be no unhealed 
wounds in the bark or stem of the plant 
and no major broken branches. Container 
plants that are extremely root-bound 
should be rejected. Root-bound plants can 
be spotted by clumps of root tendrils push- 
ing through drainage holes or by tops that 
are excessively large for the container in 
which they are growing. If there are many 
roots circling the outside of the ball, the 
plant has been left in the container too 
long. Girdling roots eventually strangle 
themselves if not redirected. 

Planting Holes: 

Plants require soil with more air for initial 
rooting than they will for long-term 
growth, although even mature trees will 
have the major part of their root systems 
within the top few feet of soil where the 
most air is present. Planting holes should be 
wide and shallow, not narrow and deep. 
The hole should be at least two times wider 
than the rool ball, but no deeper. If proper- 
ly dug, the hole will support the root ball on 
firm subsoil, with the root flare set at the 
same level it has grown. A hole that is 
slightly shallow is better than a hole that is 
too deep. 

Non-biodegradable nursery wrappings 
(I.e. plastic or wire) around the roots must 
be carefully removed or they will constrict 
the roots. Burlap can be left in place if the 
top third of the root ball is unwrapped 
Container plants should be planted as 
quickly as possible upon removal from the 
container. The white, growing root tips are 
crucial to the quick establishment of a 
healthy root system and are damaged by 
even brief exposure to air. 

Plants installed in the fall benefit from 
warm soils, stored energy, and a long dor- 
mant period for good root establishment 
before the stresses of summer heat and 
drought. Favoring one season over the oth- 
ers is not always feasible for commercial 
applications, but a broad range of species 
benefit from fall planting. A few species are 
not recommended for fall planting and are 
referred to as "fall hazards." Consult a 
nursery or arborist for a complete list of 
these plants. 
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SOIL SEPARATOR 



FILTER MATERIAL 

100mm (<0 
PERFORATED PIPE 
WHERE APPLICABLE. 
PERFORATIONS LAID 
DOWN UNDER DRAIN 




SOFT VELCRO OR OTHER FABRIC WRAP 

3 GUY WIRES IF REQUIRED. WHITE FLAG ON EACH TO INCREASE 
VISIBILITY. AVOID TIGHT COY WIRES AS THEY 
PREVENT NATURAL SWAY 

TURNBUCKLE (3), GALVANIZED OR DIP- PAINTED 
SET TREE AT ORIGINAL GRADE 

mulch: shredded bark or 7Smm (j") mm. 

SOIL SAUCER: USE GOOD TOPSOIL 150mm (6") MM. 
WOOD OlADMEN (3) 

HOPES AT TOP OF BALL SHALL BE CUT. REMOVE 
TOP 1/3 OF BURLAP. NON -BIODEGRADABLE MATERIAL 
Shall BE TOTALLY REMOVED 

COMPACTED SUSSOIL TO FORM PEDESTAL TO PREVENT 
SETTUNG 

N01ES: 

1 DO NOT ALLOW AIR POCKETS TO FORM WHEN BACKFILLING. 

2 LEAVE "SOmm [10*} OF STAKE ABOVE GRADE FOR REMOVAL. 
3. TREE PIT TO STREET PIT UNDERORAINAGE CONNECTION 
WHERE APPLICABLE. 

A TREE SHALL BE SECURED WITH J GUY WIRES SPACED 
120 DEGREES APART. TREE SHALL STAND PLUMB. GUY WIRES 
TO BE REMOVED AT END OF GUARANTEE PERIOD. 
5. TREES NEED TO BE WIREO ONLY WHERE EXTREME WIND 
OB VANriAIKM MAKFS SUCH SUPPORT NFCFSSIPY 



Figure 550-5. Typical tree planting and guying (12 -ft height and larger). 



Mulches and Fertilization: 

Mulches moderate soil temperatures, retain 
moisture and air around roots, and sup- 
press weed growth that competes with 
plant roots for water and nutrients. 
Spreading 75 to 100 mm (3 to 4 in) of 
mulch 1.5 to 2.1 m (5 to 7 ft) around trees 
and a meter around other plantings is most 
effective. Bare soil should be left at the base 
of the plant to avoid trunk suffocation or 
rot. Permeable weed barrier fabrics may be 
used under mulches, but impermeable 
weed materials such as black plastic restrict 
oxygen reaching the root zone and should 
not be used. Fertilize on the surface at 
spring or fall, or use slow-release tablets in 
tree planting holes. Plants need extra nitro- 
gen right after planting and especially in 
the fall when their roots are most active. 

C 

+jj Backfills: 

_I5 Planting holes should be backfilled with the 
O- same soil that was removed, with no 
amendments. Amendments such as com- 
C post, peat and sand may actually inhibit the 
™ root penetration of surrounding soil and 
J2 slow overall growth due to poor capillarity. 
C Fill material should be thoroughly watered 
_H5 as it is backfilled into the hole to remove 
^ any air pockets. Soil should be firm enough 
to support the root ball, but not packed to 
O the point that the tiny pores that hold 
water and air between soil particles disap- 

m 



pear. Aerated soil is crucial to root estab- 
lishment. Watering berms help collect 
water and deliver it to the root ball. In 
heavy soils with poor drainage, or during 
excessively wet seasons, berms may need 
to be broken until dry weather makes them 
necessary again. 

Trunk Wrapping and Sunburn: 

Trunk wraps on nursery trees make a thor- 
ough inspection of bark and trunk health 
impossible, shelter insect infestations, and 
hold moisture around the bark where fun- 
gus or disease may cause problems. To pre- 
vent 'sunburn' after planting, note which 
side of the trunk was exposed to direct sun- 
light at the nursery and set the plant simi- 



Pruning at Planting Time: 

Remove only dead or damaged branches, 
or those that threaten the appearance and 
branching structure of the tree. Traditional 
pruning back of a third of the upper 
branches does not aid plant establishment 
in most ball and burlap stock, however for- 
est-collected stock may benefit from such 
pruning prior to planting. 

4.2 General Notes on Planting Plans 

Shown below is a list of notes that are typ- 
ically shown on planting plans and/or con- 
tained in related details and documents. 
Other notes needed for special circum- 
stances are often added. 



larly when it is installed. 
Staking and Guying: 

Trees should be staked only when neces- 
sary. Trees will be healthier if allowed to 
adapt to the winds of the site naturally, and 
will develop sturdy, flexible trunks and 
branches. Where sites are unusually windy 
or specimens are too large to be stable ini- 
tially, staking may be required until the 
plant can support itself. Two to three stakes 
should be placed around the plant and 
attached to the trunk with various types of 
fabric strapping systems. Stakes should be 
removed after the second growing season. 



1. The contractor shall locate and veri- 
fy the existence of all utilities prior to 
starting work. 

2. The contractor shall supply all plant 
materials in quantities sufficient to 
complete the planting shown on all 
drawings. 

3. All material shall conform to the 
guidelines established by the current 
American Standard for Nursery 
Stock, published by the American 
Association of Nurserymen. 

4. No plant shall be put into the 
ground before rough grading has 
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Table 550-4. INVASIVE PLANTS BY REGION 



Hotanicnl Mv i 


Common Namr Where Troublesome 


many othftr Atari* »p»cl*.i 


..■lllhrt^Mfii 1! \ 


Acfl glnnaU 


Amm rruplr 


f Ami 


Ac*T pljt4il<tldn 


Nurwrty maplr 


Europt 


■'■ « ■ "us ■•■■■> 


Trrn nf hejum 


tatlnm u 5 


Albula Jullbriisin 


VJi'iri'j 


Attar* pttiobir, 


Gfrtlc muKUrrJ 


Europe 


AmjnnphilA -■ ■ — ■= ■ ■ 


European beach «rau 


Europe 


Bambra 




/vUrty part* of the U S 


Bdlit pcrennki 


EneW. flatty 


Nctflhweilem U S 


Berbarii : 


iapjneK bafftfr^ 


Morrhflflstetn and 
Mlifwruern U.S 


Brarnu* memili 


Smtitrth trromtt. 


MKJWtMCm U 5 


Carduui nutan* 


v."-.. tntttle 


Ml ill U 5. 


C*% wrtna equlwtifoiut 


Srv-aak. irrjfiwmod. 
Aurtfjdlon piiw 


i.ull u. ■ ir ', i 


Calaitnit ■■"!■■« i -■' iin 


leajy mufRc Otumtal 


HonhrjswTi and 
AAiuwtKnrn U S 


CfiryMnthrmum 


O.eye dany 


NorthweOon U S 




Chicory 


Many parti or the U S 


i IrilUttt jrvfn\L> 


Canada thhtt* 


AJIfltU 


Corantlla uiria 


Crown 'with 


AnJAwtem U.S 


Cortideri, ,ut>tU 


n*m(w» paw 


Soulhwestern bM 


Cynmlon oVtylan 


Commun Beinudajia&i 


SoulhwMlorrt U.S . Cut* 


.ii.". 


Scotch broom 


North*vitftfli U.S, wt 

involve rn 
Suulhwntrrn U 5 




Qlitrn Anrnr i Ij: - 




Ditftalii pwipumj 


NLMthiNnlein J.5 


Piputut laclnUtut 




Eutopd 


DlDMCia idweilrtv 






t liirhiiiij 








:::„™ ■ 


Mtifw.lzm U.S 


■ ■ sih i 'Aratrr hyacinth 


S Anwn4 




|i.USMjn (illvi 


Anhhwrtcm U S 


EUntrjnui umhr-llm 


Autumn olivr 




(lyima wwirtirt 


European rymr paw 


fuWNUI 


Equlfttum hyamak 


■ rtail 


Many narti nf the US 


Eucalyplui top. Imany! 


Cum 


iwilftmimm u s 


Euonymui ilali 


Winded wihoo. Mrnac-d 

tuonymu* 




Euphorbia HUM 


Lealy ipwg* 




FtAtci etaflor 


TM rrwirr- 




■ettuc* preterm* 


l.i I frtttiir 


Eurnpe 


Galium vtrum 


rMMJ bedsiiir* 


NorthMitrftl, 
MuJWMtFm U S 


(jlwhoma 


Ground rvr 


North^erirrn y 5 


Htdera h*N* 


Enjoin wy Hungarian 
Uromt 


Southwtftern, 
NurUiMtnte'rt U 5 


Hyperkum calyclnum 


Aaron* beard. St JonnV 
wort 


Nnrtfiwntom u *. 


Impt rata cylindrm 


C«J(On f ra& 


Panlroptol 


pomum tpp. {mciti 


Momma; gkxy 


Mtny p4rts ol the U S 


Junlperui vtnrlniMia 


EttUW rftJ LOdai 




L, rnjatfcli 






l lalarica 


lalnrun H>nr7UK»lr 


tJticm US 


Lanlam hybrldi 




Culf (U.S) 


! 1 .Iv.M CUHCAlJ 


S«i«a leipeden, 




Ugu*tmm afctutifotium 


Bluni lejvcrt p*i..r 




Lljjutlrurn vul Hani 


fVnrPl 


tastomUS 


Lonkvra Utpomca 


Hpnrww honrjyr.uck(e 


M.,j.si--.ri-. 1 



BotJiniul N*ime 


Common Name 


Wh*r* Troubl«ome 


Lonuara maackn 


Amur hwrevtiuciclir 


Eurasu 


Lonlcera tatanca 


T iTJfiJri hnrvyiwckle 




■...ii:'. - ■ ■ 


Garden kxiufiTrHr 




lyUirum laJluHl 


Purplr 1 ComUifr 


Northeastern. 


M. otHdrulls 


Vdtow **eel ctovri 




Miclura pomlfrra 


flu|t aranec 




M«<4lduu quinquenervia 


PurA lirr. f ifrimt lici' 


Ourf statei (U.5.) 


M«lu jjedaiich 


Chinabarru 


Aiu 


Malilotui albi 


Wtiitf weet rtove" 


MtdwHtrm uS 


MaKhrtus oHkinnll* 


Vtillow tweet clovpr 




W|Pitmciryan[h.mum «p. 


km uliMt 


Atnea 


AAyrfophyilunt breilheme 


W4l*ir-fcat)i*r 




Njitufllum rrfhcinal* 


WateiuBu 


AAjny parts of the U S 


p piatrntlx 


NirntLKkiy blurara^. 




f . syhnntrH 


n iT.h pin* 




K thuabarpl 


JjpinHF blarli 






Wild! parvup 






Pnncni ire* 




Pennliatutn trlaceum 


fognt-iin firiui 


Sc^lhwesierri U.S 


Phalarli uunilinacea 


Rr?M :anary ^rus 


M-dwr-trrn U". 


'■hi ..'-«-■!■ ■ cwnnMinli 






Pintn nigra 


Au^biin pine 




Hnui tjflwlht 


.Iil1.ll l MM-' 


Eurooe 


Finttf chunbergh 


lapaneH bitch pine 


East tw\» 


Poa comprnu 


Canada biurgJa^ 




Pcm pt»l«itli 




Euidiu 


Paly^nuni t*ikpid*tum 


Japanne immwprd 


Mwy para ntrheUS 


Popului alba 


Whrtr poplw 








Many puis nl tlut U-S 


Potamo^eion crupm 


'"i ruKv-^'C 




Plarldiuin a^iiillrruffi 


hi ji tiui (rni 


NnrTh*»t»m US 


Pue^arta lobata 


Klldnj VlltP 


Southeiitffm U S 


R Ir^n^ula 






Rhamnut catharUca 


Cirmmnn bunkttuwn 


Mldwrrt»e*fl U.S. 


ftharnnui dnvuitca 


PxhurirVi but-klhcm 


E A-uj 


RhodomyrlUi lunirnlu-...'. 


Downy myrtk? 




Hnhm..i pimdoiUCU 


eiilck kxuil 


Midwesleri U S 


HfrtJ HI. iMI'il'l 


'MMImiw 


Nuiilirinlnn. 
^A ( C^wesler^ U S 


Pur ii . 


1 Imutluyitn dULkbriry 


SoutttwMTfrn. 
NurtfiwesTc-fTi U S 


Schinu* tprpb»nthlfcil«ij4 


flranltan peppw Irrf 


Gull ktaln (U.S r 


SoSdago cinadentii 


(,'ild-niLXl 


NoflhWWtflrri U.S 


Soiehum halrpron 


/ohnwn jpass 




Tamarli ipf imjn^j 


TamarnA 


WeUrm US 


Typha iflj|ul*Jralla Nanow Kiirtrt cattail 


U pumllj 


: ' dm 




Ulmuv p«tf» 


LflgkVl rHiri 


V mi'io. 


(immftn ppti*inklc 




V«ba*cum thafrtu* 


Commof mullein 




Viburnum larlUl.a 


WiyfanngUr* 


Europe 


Viburnum upttlut 


Cueldei row 




Vinci major 


Urn* P*"<*mldr 


Eastern. NnrlhWrttern 
US 


Vina minor tommnn 




F^rtem Nnrthwru*.in 



rd 

s 



o 
in 
in 
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Table 550-5. PLANT SPACING CHART 



C 



o 
m 
in 



6 




R - PLANT ROW 
p- PLANT 5PACING 



m 



AREA PER PLANT 



NO PLANTS ■ - 



AREA 



AREA PER PLANT 



Plant Spacing (On Center) 




A t (1 


n. j r Plant 

per rlrtfll 


P <m) 


r (ft) 


R (m) 


R (ft) 


2 

m 


ft 


IS 


50 


13 




195 


2 150 


20 


.67 


IS 








25 


S3 


22 




0550 


5976 


30 


1 00 


.26 


.87 


.0780 


8700 


a 


1 25 


33 


1 08 


1254 


1 3500 




1.50 


40 


1 30 


1840 


1 9500 


,61 


2.00 


53 


1.73 


.3233 


3 4600 


76 


2 50 


fit 


2 17 


5016 


5 4250 


91 


3 00 


79 


2£0 


7189 


7 8000 


100 


326 


87 


284 


d700 


9 3152 


1 22 


4.00 


106 


346 


1 2900 


138400 


1.25 


4.10 


1 oe 


355 


1.3500 


14 5550 


1.50 


492 


1 30 


4 27 


1 9500 


21 0084 


152 


s oc 


1 32 


433 


1 0064 


21 6500 


1 75 


574 


152 


497 


2 660 


28 5278 


IM 


600 


1 5a 


5 20 


2 9914 


31 2000 


200 


6 56 


1 73 


56B 


3 46O0 


372608 


244 


600 


2 11 


6 92 


5 1484 


55 3600 


250 


8 20 


2 17 


7 10 


3 4250 


SB 2200 


J 00 


9 64 


2 60 


8 47 


7 6000 


86 3448 


3 05 


10.00 


2 64 


866 


8.0520 


56 6000 


4.00 


13 12 


346 


II 37 


I3B400 


149 1744 


4 57 


1300 


3% 


1299 


18 0972 


194 .8500 


5.00 


1641 


4 33 


1421 


21 6500 


233 1861 


600 


19 69 


320 


1703 


31 2000 


333 7145 


6 10 


20 00 


528 


17 32 


32 2080 


346 4000 


000 


26.25 


5 93 


22.73 


53 4400 


396 6625 


10 00 


3281 


M6 


28 41 


86 6000 


932 1321 


1500 


49 22 


1299 


42 62 


I94 85O0 


2097 7564 



•I Ins i h,nt is lisi-c! whi-n pldnls ,ire lo be sp.ic t-ri ft|ui(list,ini 
from e.n h ulhw .is shown 



been finished and approved by the 
project architect or equal. 

All plants shall bear the same rela- 
tionship to finished grade as the 
plant's original grade before digging. 

All plants shall be balled and 
wrapped or container grown as 
specified. No container grown stock 
will be accepted if it is root bound. 
All root wrapping material made of 
synthetics or plastics shall be 
removed at time of planting. 

With container grown stock, the 
container shall be removed and the 
container ball shall be cut through 
the surface in two vertical locations. 

The day prior to planting, the loca- 
tion of all trees and shrubs shall be 
staked for approval by the project 
landscape architect or equal. 



9. All plant material shall be selected at 
the nurseries by the pro|ect land- 
scape architect or equal. 

10. All plants shall be sprayed with an 
antidessicant within 24 hours after 
planting. In temperate zones, all 
plants shall be sprayed with an anti- 
dessicant at the beginning of their 
first winter. 

11 All plants shall be installed as per 
details and the contract specifications. 

12. All plants and stakes shall be set 
plumb unless otherwise specified. 

1 3 . The landscape contractor shall provide 
fill as per the contract specifications. 

14. All plants shall be watered thor- 
oughly twice during the first 24- 
hour period after planting. All plants 
shall then be watered weekly, if nec- 
essary, during the first growing season. 



15. The landscape contractor shall refer 
to the contract specifications for 
additional requirements. 

16 The landscape contractor shall refer 
to the plant list for seasonal require- 
ments related to the time of planting. 

4.3 Notes and Details 

Notes: 

Notes are usually added to insure that plant 
material is installed properly. They often 
reiterate special instructions and specifica- 
tions contained in contract documents. 

Planting Details: 

Figures 550-5 through 550-14 illustrate 
typical planting details for different situa- 
tions and types of plants. Local practice 
may require minor variations of these 



4.4 Contract Specifications 

Whenever possible, all contract specifica- 
tions related to plants and planting should 
conform to current standardized practices 
used in building and site construction In 
the United States, the Construction 
Specification Institute (CSI) has produced a 
widely accepted and used format. The CSI 
Format is a consistent, nationally unified 
system which consists of 16 Divisions rang- 
ing from General Requirements to 
Electrical. Division 2 is assigned to Site 
Work. Sections within Division 2 pertain to 
technical sections or basic units of work, 
such as Landscaping (02800). Refer to 
Table 110-2 in Section 110 for the com- 
plete CSI Division 2 Site Work listing. 

4.5 Standards for Nursery Stock 

Plants should be closely examined on-site 
before planting to insure their health and 
continuing vigor. A accepted set of stan- 
dards has been developed by the American 
Association of Nurserymen (AAN) to guar- 
antee quality and to facilitate commerce in 
nursery stock. These are voluntary national 
standards subject to rules and approval by 
the American National Standards Institute 
(ANSI). Similar standards for other coun- 
tries may be available and may differ in 
some ways from those developed by the 
AAN. Table 550-6 was prepared for the 
AAN publication in cooperation with the 
Canadian Nursery Trades Association to 
facilitate nursery trade between the United 
States and Canada as well as with other 
countries that use the international metric 
system of measurement. It lists rounded 
metric equivalents as recommended for use 
in sizing nursery-grown plants. 
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5.0 MANAGEMENT 
STRATEGIES 



There are two sets of standards for land- 
scape management. The National Arborist 
Association (NAA) has provided standards 
for tree care in the past. A set of new stan- 
dards is being prepared by the American 
National Standards Institute {ANSI) to 
replace the older NAA standards within the 
next thirty years. As new ANSI guidelines 
are completed, the corresponding NAA 
guidelines will be phased out. Currently. 
ANSI standards for pruning (ANSI A300) 
and safety requirements for tree care oper- 
ations (ANSI Z133) are complete. Other 
areas of maintenance are still governed by 
NAA standards 



6.0 SPECIALIZED PLANTING 
STRATEGIES 



6.1 Using Native Plants 

Native plants are becoming more popular 
in designed landscapes for the advantages 
they hold over introduced exotic plants. 
Natives are adapted to seasonal extremes 
of temperature and moisture and thus are 
often able to survive frosts and droughts 
that hardy exotics cannot They require less 
irrigation out of season. They reinforce 
local ecosystems, bringing butterflies, birds 
and other animals into contact with people 
Natives require very little maintenance 
once properly established and help to pre- 
serve the unique character of a region. 

The first step towards designing with 
native plants is understanding the plant 
communities that exist in undisturbed con- 
ditions in the region. The Kuchler map 
divides North America into ecoregions 
based on plant associations, watersheds, 
and general climate. Native plant commu- 
nities differ from traditional garden planti- 
ngs in several important ways. Traditional 
planting plans often seek to moderate 
change and to organize space through 
grouping plants by their color and texture. 
These objectives are supported by thou- 
sands of years of plant hybridization that 
has produced cultivars with large, brightly 
colored flowers and long bloom periods. By 
contrast, native communities rely on 
change and diversification to buffer them 
from stress. Many species are intermixed 
and produce overlapping waves of short 
bloom periods. Native flowers tend to be 
smaller and more subtly colored. In addi- 
tion, the composition of native plant com- 
munities can change radically from one 
year to the next, in response to seasonal cli- 
mate and stress. Understanding the charac- 



ter of native plant communities is a prime 
requirement for designing with native 
plants. 

Natives can be planted in drifts, but 
those that spread by seed will not necessar- 
ily stay where they are placed. It is better to 
orchestrate overall bloom times and heights 
of a mixture, so that the newest blooms will 
be visible. Some spring wildflowers bloom 
early and then enter summer dormancy. 
Take advantage of their early color and 
then cover the same area with more persis- 
tent plants that emerge and bloom later. 

Finding native seed or nursery stock in 
sufficient quantity can be a problem Many 
mail-order companies exist that deal in 
native seeds, but the best seed stock is 
from a local source. Use reputable nurseries 
that propagate natives responsibly and can 
document their sources. In most states, dig- 



ging up rare specimens from the wild is ille- 
gal, but the practice persists. Do not use 
plant material whose source you cannot 
trace. Native plantings can be labor-inten- 
sive to establish, but once they are stable 
and mature they will require little to no 
maintenance. 

6.2 Xeriscaping and Water- Efficient 
Landscapes 

Xeriscaping is a planting practice that relies 
on minimal or no irrigation, eschewing 
heavily watered landscapes in favor of 
those that combine low water requirements 
with the unique beauty of plants adapted 
to the region. In arid climates, the impor- 
tance of plants that are adapted to local 
conditions is well-recognized, but almost all 
regions of the United States suffer from 
some annual drought, requiring supple- 
mental watering of lawns and planting 



Research has demonstrated that many traditional planting practices are detrimental to 
the long-term health of plants. The following techniques are necessary to insure the 
survival and long-term health of installed plant material. 

1. Inspect plants carefully upon their arrival at the site. There should be no unhealed 
wounds in the bark or stem of the plant and no major broken branches. Container 
plants that are extremely root-bound should be rejected. 

2. The planting hole should be at least two times wider than the root ball, but no 
deeper, and the plant should be set on firm subsoil. The root flare should be set at 
the same level it has grown. 

3. Non-biodegradable nursery wrappings (i.e. plastic or wire) around the roots must be 
carefully removed. Buriap can be left in place if the top third of the root ball is 
unwrapped. 

4. About 75 to 100 mm (3 to 4 in) of mulch should be spread 1 .5 to 2.1 m (5 to 7 ft) 
around trees and a meter around other plantings. Bare soil should be left at the base 
of the plant to avoid trunk suffocation or rat. 

5. Plants need extra nitrogen right after planting, especially in the fall when their roots 
are most active. Fertilize on the surface at spring or fall, or use slow-release tablets 
in tree planting holes. 

6. Planting holes should be backfilled with the same soil that was removed. 
Amendments such as compost, peat and sand should not be used, as they may 
actually inhibit the root penetration of surrounding soil and slow overall growth. 

7. Trunk wrapping should not be used, as they may shelter insect infestations, and hold 
moisture around the bark causing fungus or disease. 

8. Staking should be avoided Where sites are unusually windy or specimens are too 
large to be stable initially, staking may be required until the plant can support itself, 
but should be removed after the second growing season. 

9. Pruning after planting should be limited to dead or damaged branches, or those that 
threaten the appearance and branching structure of the tree. Traditional pruning 
back of a third of the upper branches does not aid plant establishment in most ball 
and burlap stock. 
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FASTEN TRUNK TO STAKE WITH FABRIC TREE RING 

IF REQUIRED LOCATE ANCHOR STAKE IB" AWAY FROM TREE 
TRUNK DN SiDE OF PREVAILING WIND. T- RAIL IRON STAKE OR 
ACCEPTABLE WOODEN SUBSTITUTE. ANCHOR FIRMLY. 



CROWN OF ROOT BALL SHALL SEAR SAME RELATION 

(OR SLIGHTLY ABOVE) TO FINISHED GRADE AS It 

BORE I0 PREVIOUS GRADE. 

SHREDDED BARK MULC« 76mm (3*) MIN. 

CREATE SOIL SAUCER WITH TOPSOIL 150mm (&") MIN. 

CUT AND REMOVE TOP 1/1 OF BURLAP 

IF NOW -BIODEGRADABLE "RAP IS USED. REMOVE TOTALLY. 

PREPARED TOPSOIL Ml* OR CLEAN SUBSOIL 

COMPACT SUBSOK. TO FORM PEDESTAL AND PREVENT 

SETTLING. 

NOTE: 

1 STAKE ONLY ON WINOY SITES 



Figure 550-7. Typical coniferous tree planting (6-ft height and smaller). 
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beds. During even short periods of 
drought, widescale residential irrigation can 
threaten supplies of drinking water. 

The seven areas of concern in xeriscape 
designs as defined by the National 
Xeriscape Council, Inc. (NXCI) are: 

Planning and Design: 

A rich palette of drought-tolerant plant 
materials exists worldwide, although 
natives are best adapted and should form 
the overall framework for a dry garden 
Where traditional garden styles from other 



climates are required, adapt to the dry envi- 
ronment. Xeriscape gardens do not have to 
be spare and bare; drought-tolerant plants 
can look lush without heavy irrigation. 

So/7 Analysis and Improvements: 

Soil quality is the major determining factor 
in a well-planned xeriscape garden, directly 
affecting the vigor and water efficiency of 
plants. 



Structure: Soil that has been 
amended with organic material helps plants 
survive periods of drought, although some 



plants prefer poor soil. However, amending 
within planting holes is actually detrimental 
to the long term health of plants — com- 
plete replacement of soil or no amending is 
better in this case. 

Chemistry: Soil pH is largely determined 
by underlying material and the amount and 
pH of available water. These natural factors 
have a more profound, long lasting influ- 
ence upon the soil's chemistry than amend- 
ments or mulches. Choose plants adapted 
to site conditions rather than trying to alter 
the pH of the soil. Many arid regions in the 
American West have soils with high con- 
centrations of salt due to agricultural prac- 
tices or natural conditions. Table 550-7 
shows some plants that are tolerant of 
saline soils. 

There is no 'perfect' soil. Designers must 
develop a good understanding of the soil 
structure and chemistry on site, and then 
aim for a good match between soil charac- 
teristics and plant requirements. 

Practical Turf Areas: 

Where lawn is necessary, follow these 
guidelines: 

In arid climates (where turf has to be irri- 
gated to survive): 

1. Use turf only where it is dearly serv- 
ing a purpose such as play areas, 
sports fields, etc. 

2. Shape turf areas to allow maximum 
irrigation efficiency. The ratio of area 
to perimeter should be high. Do not 
use lawn in areas too small or narrow 
to be irrigated efficiently. 

3. Avoid using turf on slopes where irri- 
gation cannot be efficient — use alter- 
nate groundcovers or low- water use 
grass. 

In wetter climates (where turf can sur- 
vive without heavy irrigation): 

1. Even without heavy irrigation costs, 
lawns are still high-maintenance ele- 
ments of the landscape. Evaluate turf 
areas against maintenance budgets 
and functional needs 

2. Consider using a variety of turf that 
can survive in that climate without 
any supplemental irrigation. 

Improving the efficiency of irrigation for 
turf, in both cases: 

1 . Some grasses develop root systems 
that penetrate the soil to a depth of 
1 .5 m (5 ft) or more in the wild. Wait 
as long as possible into the spring to 
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Table 550-6. METRIC EQUIVALENTS FOR SIZING NURSERY PLANTS 



Plants Sized by 


Height or Spread 


Planti Siied by Caliper 




Recommended Metric 




Recommended Melric 


U.S. Measure 


Equivalent 
3 1 


U.S. Measure, in 


Equivalent, cm 


Li :n 


15 cm 


3/8 


1.0 


Sin 


20 cm 


1/2 


1.5 


10 in 


25 cm 


3/4 


2,0 


U in 


30 cm 


1 


2.5 


15 in 


<10 cm 


1-1/4 


3 


18 In 


50 cm 


1 - 1 11 


4 


2 ft 


60 cm 


1-3/4 


4.5 


2-1/2 ft 


80 cm 


2 


5,0 


3 ft 


90 cm 


2-1/2 


6.0 


3 1/2 ft 


1.00 m 


3 


8.0 




1.25 m 


3.1/2 


9.0 


5 ft 


1 50 m 


4 


10.0 


6 ft 


1 75 m 


4-1/2 


11.0 


7 It 


2.00 m 


5 


13.0 


S ft 


2.50 m 


5-1/2 


14.0 




6 


15,0 
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3IAMETER OF 

EXCAVATION TO 
BE MIN. 300rnm 
;tj") BEYOND SP0, 

df root: 



PRUNE I /J OF CROWN Br THINNING 
AND SPACING BRANCHES. DO NOT 
CUT THE LEADER. 

FASTEN TRUNK TO STAKE WITH FABRIC TREE 
RING. (SEE NEW PLANTING TECHNIQUES) 

7 -RAIL IRON STAKE OR GALVANIZED 
I" O.D. PIPE. ANCHOR FIRMLY. 

SD TREE HIGHER IN RELATION TO 
NEW GRADE AS TO PREVIOUS GRADE. 

SHREDDED BARK MULCH (MIN. 2") 

CREATE SOIL SAUCER (MIN. 6") 
WITH TOPSOIl. 

CLEANLY PRUNE ALL DAMAGED 
ROOT ENDS. 

TAMP TOPSOIL MIX AROUND ROOT 
SYSTEM, AND WATER IN LAYERS OF 
150mm (6 - ). 

NOTE: 

SOAK ROOTS IN WATER OVERNIGHT 
BrroRF planting. 



Figure 550-8. Typical deciduous tree planting (bare root) (10-ft height and 
smaller). 



begin irrigation (when the soil is dry 
to a depth of several centimeters) — 
this promotes deep, drought- resistant 
root systems. 

2. During periods where irrigation is nec- 
essary, irrigate deeply and infrequently. 

Both of these practices will also discour- 
age weed growth. 

Characteristics of Appropriate Drought- 
Tolerant Plants: 

Appropriate plants are not necessarily con- 
stant low-water users. An appropriate plant 
is one whose growth cycle is well adapted 



to the specific seasonal pattern of the cli- 
mate in which it is planted, which may 
include short periods of intense drought or 
rain. Indeed, when these plants are estab- 
lished, supplemental moisture during their 
"dry" cycle can lead to root rot and dis- 
ease. Plants native to a region will be the 
best adapted and will be able to survive 
seasonal extremes of drought and temper- 
ature, but many exotics from similar cli- 
mates are also appropriate. When using 
non-natives, avoid destructive invasive 
species. 

Develop a working knowledge of the 
adaptations that plants and plant commu- 



nities native to a particular region have 
evolved. Plants adapted to dry climates can 
be either deep or shallow rooted depending 
on the above-ground adaptations they 
have evolved. Most natural plant commu- 
nities are self-reinforcing; associated 
species support each other when grown 
together. 

Many plants can survive drought, but 
some do so by entering dormancy until 
moisture is present again. Others have 
adaptive strategies that allow them to look 
healthy and attractive during drought peri- 
ods. Consider the behavior of potential 
plants when they are subjected to drought 
stress when placing them in the landscape. 
Irrigation is crucial during the first several 
years to establish new plantings, but will 
become unnecessary and even detrimental 
to the continuing health of plants when 
mature if they have been well-chosen for 
their new locations. 

Efficient Irrigation: 

Harvest rainwater from impervious sur- 
faces such as roofs and pavements; run 
downspouts into planting beds; grade 
pavement to run off into lawns or beds; 
terrace steep slopes to collect rainwater; 
use collection swales at the foot of slopes 
to collect runoff. 

All plants require irrigation for the first 
few years after planting. If the design aims 
for eventual independence from irrigation, 
hand-watering or use of a minimal, inex- 
pensive system may be enough. 

For permanently irrigated landscapes, 
use drip irrigation wherever possible. Drip 
systems waste very little water, as they 
deliver water directly to the roots. This also 
promotes deeper root systems and leads to 
fewer problems with insects and diseases 
that are fostered by wet leaves and stems. 

Sprinklers are the only option for lawns 
and some other situations. Sprinklers that 
spray water high into the air lose more 
water to evaporation than lower spraying. 
Irrigate with sprinklers in the early morning 
(before sunrise) wherever possible. 

The following recommendations apply 
to all forms of irrigation, whether in arid or 
wet climates {Refer to Section 750, 
Irrigation, for more detailed information): 

1. Irrigate deeply and infrequently to 
promote resilient, deep root systems. 

2. Calibrate rate and duration of water 
delivery to minimize runoff. 
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thin branches as required retaining normal 
plant shape. 

shrubs shall be slightly higher in 
relation to finished than they were 
to previous existrnc crade. 

SHREDDED BARK MULCH 80mm (J") MIN. 
CREATE SAUCER WITH TOPSQIL 150mm (O MIN, 

PRUNE DAMAGED OR OESSICATED ROOTS. 
GENTLY COMPACTED TOPSOIL MIXTURE 
SCARIFY PIT BOTTOM ISOmm (6*) MIN. 



CORNER OE ROOT SYSTEM TO BE AT LINE 
OF ORIGINAL GRADE. 

FIRMLY COMPACTED SAUCER (USE TOPSOIL}. 

ANGLE Of REPOSE VARIES WITH STEEPNESS 
OF SLOPE AND SOIL TYPE. 

GENTLY COMPACTED TOPSOIL MIXTURE 

SCARIFY PIT BOTTOM 150mm (6 - ) MIN. 



NOTE: 

1. MIN. ROOT SPREAD TO BE IN ACCORDANCE WITH 
"AMERICAN STANDARDS FOR NURSERY STOCK". 

2, PRUNE ALL DAMAGED, DISEASED. OR WEAK UMBS AND ROOTS. 
1 CLEANLY PRUNE ALL DAMAGED ROOT ENDS. 

4 DO NOT ALLOW ROOTS TO DRY OUT DURING INSTALLATION PROCESS. 

5 SOAK ROOTS IN WATER OVERNIGHT BEFORE PLANTING. 



Figure 550-9. Typical shrub planting 
(bare root). Continuous trenches are 
often dug for hedge plantings. 




HOOKS IN WALL 
600mm (J'J O.C 



CA8LE STRUNG 
BETWEEN HOOKS TO 
FORM A GRID 



ELEVATION 



SECTION 




HOOKS AND CABIF PROVIDED BY 
CONTRACTOR 



PLANT STEM AS CLOSE TO WALL 
AS POSSIBLE, BUT ALLOW 150mm 
(6"> BETWEEN WALL ANO PLANT FOR 
AIR CIRCULATION 



MULCH 40-tlm (I 1/2") 



eoOmir (2') BACKFILL SOU. MIXTURE 



Figure 550-10. Typical espalier planting. Hooks are fastened to wall 24 in on center, and cable is strung taut between hooks. 
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GARDEN EDGE (OPTIONAL) 

FINISHED GRAPE 

ORGANIC MULCH 

WELL SPADED RICH T0P5CIL 

ml ADD BONE MEAL OR BULB 

FERTILIZER DURING SPADING 

TO MIX WITH 50IL DO NOT COMPACT 

UNNECESSARILY AFTER PLANTING 

NOTES; 

1 CERTAIN BULBS MAY KEOUIRE OTHER 
PLANTING DEPTHS, CONSULT BULB 
DISTRIBUTER FOR PRECISE DEPTHS 

2. WATER THOROUGHLY AFTER PLANTING. 

3 PROVIDE DRAINAGE IN SUBSOIL 
WHEN 5UB50IL IS HEAVY OR 
COMPACTED. 



REPLACE GRASS PLUG 




COMMON SPRING BULB PLANTING IN PREPARED BED 




COMMON SPRING BULB PLANTING IN LAWN 



Figure 550-1 1 . Typical bulb plantings. Spacing will vary depending on desired effect of plantings. 



RETAINING WALL AT 



DRIPLINE OH AS FAR 
AWAY AS POSSIBLE, 

rORUER GRADE 

NEW GRADE — 




PRUNE BRANCHES AS REOUlRED 
DEPENDING ON AMOUNT Of ROOT 
DAMAGE. 



EXISTING GRADF TO BF. MAINTAINED 
UNDER TREE CROWN IF POSSIBLE 

TOP OF SLOPE AT DRIPLINE OR AS 
FAR AWAY AS POSSIBLE 

FORMER GRADE 
NEW CRADE 

NOTES: 

1 . ANY TREE WHICH SUSTAINS DAMAGE TO 40X OR MORE OT 
ROOTS WILL DIE. 

2. ANY ROOT REMOVAL OR DAMAGE SHOULD BE COMPENSATED 
BY PRUNING BRANCHES AND FERTILIZING TREE- 
CONSTRUCTION PROCESS: 

EXTREME CARE SHOULD BE TAKEN NOT TO COMPACT EARTH 
WITHIN CROWN OF TREE. IF NO SURROUNDING BARRIER IS 
PROVIDED, CARE SHOULD SE TAKEN NOT TO OPERATE 
EQUIPMENT OR STORE MATERIALS WITHIN CROWN SPREAD 
OF TREE. IF THIS AREA SHOULD BE COMPACTED, IT WOULD 
BE NECESSARY TO AERATE SOIL THOROUGHLY IN THE ROOT 
ZONE IMMEDIATELY AFTER CONSTRUCTION. CERTAIN TREE 
SPECIES ARE SEVERELY AFFECTED BY MANIPULATION OF THE 
WATER TABLE AND GREAT CARE SHOULD BE TAKEN TO 
MINIMI7F THIS CONDITION 



Figure 550-12. Cutting or lowering a grade near an existing tree. 
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Figure 550-13. Filling or raising a grade near an existing tree. 
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FOR BARE ROOT. FIELD DUG OH BALL 4 BURLAP SPEC 
FRONDS SHALL REMAIN TIED FOR 3 MONTHS AFTER PL* 
FOR CONTAINER CROWN TREES: 

SHIPPING FROND TIES MAY BE REMOVED AFTER INSTALL 
TIES SHALL BE ORGANIC TWINE ONLY. 



SET TRUNK VERTICAL. PLUMB 



2 I/! TIMES WIDTH OF ROOT BALL OR JOOmm (12 ) 
CLEARANCE AROUND ROOTBALL 

•BREATHER' TUBES OR "AIR STACKS": 

75mm (3") OIA. PERf. DRAIN PIPE. BACKFILLED WITH 

DRAIN ROCK MAY BE REOUIRED. 

ISCJOOmm (6M21 CONC. PAVING EDGE 
UNIT PAVERS AS SPECIFIED 



BACKFILL SHALL BE SALT FREE WASHED RIVER SAND. 
ALL BACKFILL SHALL BE WATER-JETTED FOR F'RM COM 



JOOmm (12") MIN. PREPARED BACKFILL MIX (SAND) 
100mm (O AGGREGATE DRAIN COURSE 



100- UOmm (<" V) 0W , « IJOOmm (*'-0") DEEP 
DRAINAGE SUMP BACKFILL WITH DRAINAGE ROCK OR G 
PERFORATED DRAIN PIPE IS OPTIONAL. 



^ Figure 550-14. Palm tree planting in paving. 

in 
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GRATE OPENING SPECIFY MM. 
CLEARANCE Or TRUNK 

TREE GRATE 

MULCH 50mm (2") MAX. TO BOTTOM 
OF TREE GRATE. USE FINE GRAVEL 

NON -BIODEGRADABLE SOIL 
SEPARATOR TO PREVENT WEED 
GROWTH 

• IF ROOT BALL IS WRAPPED IN 
PLASTIC OR NON- BIODEGRADABLE 
MATERIAL. REMOVE ENTIRE WRAP. 
IF WRAPPED IN BURLAP. CUT k 
REMOVE AT LEAST 1/3 OF TOP 
-COMPACTED SUBSOIL TO FORM 
PEDESTAL TO PREVENT SETTLING 

■ AIR AND WATER INFILTRATION PIPE 
FOR URBAN CONDITION. SO- 100mm 
(2"-4") PERF. TYP. CONNECT TO 
OTHER TREES IN SERIES 

-TREE PIT IS THE FULL SIZE OF 
GRATE OPENING 

NOTE: 

IT IS NOT ALWAYS NECESSARY 
TO STAKE TREES WHEN SIZE 
IS OVER 125mm (5') CALIPER. 



Figure 550-15. Urban tree planting. 

3. Monitor irrigation consumption and 
adjust monthly to meet changing 
conditions. 

4. Allow for regular maintenance of irri- 
gation systems. Leaks and plugs in 
irrigation lines not only waste water; 
they can kill plants and damage struc- 
tures. 

Mulching: 

Mulch is a crucial component of a water- 
efficient landscape. Mulch conserves soil 
moisture, moderates soil temperatures, lim- 
its reflected heat that damages plants, 
holds and builds the soil, prevents weeds, 
and helps control erosion from wind and 
rain. 

There are several cautions that apply to 
mulches. Some mulches, such as shredded 
bark or pine needles, are flammable when 
dry, Use caution when mulching near 
sources of heat or sparks. Fresh mulches, 
such as new wood chips or sawdust, draw 
nitrogen from the soil when they begin to 
decompose. Use a slow-release nitrogen 
fertilizer with these mulches. Any organic 
mulch can provide cover for such pests as 
slugs, sowbugs, earwigs, and rodents. If 
these pests become a problem, pull mulch 



back at least 150 mm (6 in) from the base 
of plantings that are under attack or con- 
sider using a different type of mulch. 

Appropriate Maintenance: 

Monitor conditions on a regular basis to 
head off problems of insect attack, irriga- 
tion, disease, or soil problems. Fertilizer 
may be necessary to counteract nitrogen 
drain of fresh, decomposing mulch. 
Monitor plant conditions and apply slow 
release nitrogen fertilizer if necessary. Mow 
turf at a high setting. This improves 
drought resistance by shading the soil and 
allowing deeper roots to form. 

63 Urban Forestry 

The conditions which must be endured by 
trees in urban areas cause the majority of 
street tree plantings to die within ten years 
ol their installation. Extreme heat, soil that 
has been compacted or contaminated with 
building fill or other urban contaminants, 
and damage from vandals are only a few of 
the factors that urban trees must contend 
with. Traditional planting techniques con- 
tribute to this high mortality rate because 
they do not provide sufficient root space 
and drainage. Table 550-8 lists common 
causes of urban tree mortality and reme- 



dies. Figure 550-15 illustrates a detail for 
urban tree planting. 

6.4 Planting on Disturbed Sites 

Restoration of disturbed landscapes 
involves work on many different levels. 
Plant species must be well -adapted to the 
site in order to grow into self-sustaining 
populations. This implies primary reliance 
upon native species that have been raised 
in conditions that approximate those of the 
site. Plants are frequently transplanted or 
direct-seeded from material gathered near- 
by. Sometimes nurse crops or pioneer 
plantings are introduced as a way to arrive 
at the target plant community. 

Grasses can be used for fast stabilization 
of slopes and soil improvement. For a list of 
suitable grasses and more information 
about techniques for planting used in 
restoring disturbed landscapes refer to 
Section 640 

65 Planting tor Bioengineering 

Bioengineering relies on plant materials to 
stabilize eroded stream banks and other 
areas suffering damage from excessive 
runoff. It generally involves replacing hard, 
inflexible support structures that degrade 
over time with soft, flexible systems of 
plants that grow and improve over time 
and increase the wildlife habitat values of 
the area. Plants that are well-suited to 
these techniques share certain characteris- 
tics. They are generally native successional 
plants that can tolerate moist conditions, 
have the ability to root quickly from stem 
nodes, can spread vegetatively, and form 
strong root systems when established. For 
more information about regional applica- 
tions of bioengineering techniques, consult 
the references at the end of this section. 
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Table 550-7. SALT TOLERANT PLANTS 



Moderate 
Tolerance 



Botanical Name / Common Name 



Acer negundo / Box elder 
Betula populifolia / Cray birch 
Celtis occidentals / Hackberry 
Fraxlnus excelsior / European ash 
F quadran^ulata / Blue ash 
Jumperus scopulorum t Juniper 
J. virginiana / Eastern red cedai 
Koelreuteria paniculata / Goldenraln tree 
Madura pomilera / Osage orange 
Robinia pwudoacacia / Black locust 
Sophora taponica / Japanese pagoda tree. 
Chinese scholar tree 
Ulmus pumila / Siberian elm 



Ailanthus altissima / Tree-of-heaven 
Amelanchler canadensis / Shadblow 

serviceberry 
Crataegus crus-galll / Cockspur hawthorn 
Elaeagnus angustifnlia / Russian olive 
Pirtus thunbergii / Japanese black pine 
Ptelea trifoliate / Wafer ash 
Thuja occidental / American arborvitae 



Shrubs 



Caragana arhorescens / Siberian pea 
shrub 

Elaeagnus commutata / Silverberry 
E. multiflora / Cherry elaeagnus 
Jumperus chinensis / 'Pfltzcrana 
J. conferta / Japanese shore juniper 
Lonlcera tatarica I Tatarlan honeysuckle 
Rhamnus frangula / Glossy buckthorn 
Spiraea vanhouttei / Vanhoutte splrea 



Atriplex canescens / Four-wing sattbush 
Bacchans halimitolia / Groundsel 
Cytlsus scoparlus / Scotch broom 
Halimodendron / Salt tree halodendron 
Hippophae rhamnoides / Sea buckthorn 
Mynca pen sylvan lea / Bay berry 
Rhamnus cathartica / Common 

buckthorn 
Rosa rugosa ' Kugosa rose 
Shepherdla canadensis / Buffaloberiy 
Tamarlx galllca / Tamarisk 
T. parviflora 



Grasses (ranked lowest to 



Agroslls palustris / Creeping bentgrass 
Agropyron Smlthll / Western wheatgrass 
A. elongatum / Tall wheatgrass 
Elymus canadensis / Canada wildrye 
Cynodon dactylon / Bcrmudagrass 
Puccmellla airoides / AlkaJigrass 
Oisticblis stricta / Saltgrass 
Sporobolus alroides / Alkali sacaton 
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Table 5S0-8. CAUSES OF URBAN TREE MORTALITY AND REMEDIES 
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Remedies 


soil completion 


Provide large area* of rooting space wherever possible, through tree strip trenches :&\hei than 

pits 


tfcrile or tOKfc solti 


Test solh frequently Urtwn soik are by definition highly disturbed, and conditions cjn vary 
widely wilhm .1 small area Options for dealing with this problem rarge from replacing toik 
entirely (i t. on a large enough scale to p»ovide enough root space horizontally) to planting 
trees that will tolerate the true condition* of ihe Wte This may mean using "weed* Ltees 


over irrigation 


Timer irrigation sytidm ln-uui'iMly dn nor respond fo ihe real conditions at the roots ol a tret 
Many trees drown in their pits due to excess water combined with poor drainage Use bmer 
tystorw only where Absolutely necessary and provide as much drainage a* possible 


repeated wounding from 
t»M, maintenance vehicles, 
vandals 


There h no good solution to this type ol problem, hul damage can be reduced by 
understanding the rones in which regular activity u liVeiy to occur Low-branching trees should 
not be planted right MM to the curb or street edge Ail street trees need to be located lo 
avoid being whacked by car doors or providing an obstacle to passengers trying to rtrsrmbark 
Studying the need* ot the community and involving them in Ihe design process Is always * good 
practice, and can frequently 'educe the amount cl vandalism trees must endure 


Insufficient air space jmund 
rout* 


A wtr effect of compaction See figure 550-21 for a sample detail thai provide* fo* *lf and 
drainage aruund upper level routs Protecting root space with tree grates or decking rt alio 

, . ■ ■ 


neglecl. failure to rwiow linn 
or wrapt cauning girdling of 
barV or roots 


Tlie brs1 solution In rim [jiuNnn ■ ■, hi wrud unnfl technique 1ha1 will -rquire a sm^lr visil or 
unique maintenance after the contractor has left the wle Staking, guying and trunk wrapping 
should be avoided whrnevei possible Consider the maintenance budget when designing, or find 
some way tf> ma*? tang-H-r:n i-iJ'nrn.iiHr rurr n' \\; n . 1 
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1.0 INTRODUCTION 



^^he high cost of land in urban areas 
I has caused a reappraisal of the usable 
I space on the roofs of buildings. Flat 
space, whether above underground struc- 
tures or on levels above the street, is 
expensive to obtain. Consequently, the 
development and use of roof areas is rapid- 
ly becoming an economic necessity. 

Although aesthetic and social needs 
regarding roof and deck spaces have pre- 
vailed for centuries, most structures depend 
on economic justification to be built and 
maintained. Aesthetic justification is obvi- 
ous from a superficial downward glance at 
the roofscape of our cities. The social |usti- 
fication is almost as obvious when compar- 
ison is made between undeveloped roof 
terraces and the public and commercially 
developed areas throughout the world. 
Roof and deck landscapes provide outdoor 
areas for social interchange that are other- 
wise almost impossible to obtain in most 
densely developed cities. 

There are important design and structur- 
al differences between ground level land- 
scape development and rooftop develop- 
ments. This section deals with the following 
special construction requirements: 

1 . Protection of the integrity of the roof 
and structure. 

2. Positive drainage. 

3. A long-term, lightweight planting 
medium. 

4. Adaptation to climate. 

5. Optimum irrigation. 

6. Selection of paving, structural materi- 
als, site furnishings, and water as a 
design element. 

7. Provision of utilities 

8. Public safety and security. 

9. Ease of maintenance. 

This section covers only new construc- 
tion. Construction methods needed for 
existing or historic buildings are too com- 
plex and unique to each situation to be 
included, although the above- listed con- 
struction requirements may be involved. 



2.0 PROTECTION OF THE ROOF 
AND STRUCTURE 



The single most important consideration 
concerning rooftop landscape construction 
is protecting the integrity of the roof and 



structure beneath the garden. For this rea- 
son, there must be waterproofing of excep- 
tional security and longevity to prevent 
damage. The roof structure and water- 
proofing is an integral part of the building; 
consequently, it is the building architect's 
responsibility to: (1) waterproof the roof, 
(2) protect the waterproofing from 
mechanical damage, and (3) insulate the 
roof for energy conservation. The land- 
scape architect or rooftop designer has no 
final responsibility for the design and con- 
struction of these items, she or he can only 
specify the roof's physical requirements. 
However, it is the rooftop designer's 
responsibility to protect the roof from dam- 
age during garden construction As a gen- 
eral rule, this responsibility begins with the 
bottom of the drainage layer that is added 
to the finished roof. 

2.1 Load Bearing Capacity 

The maximum load bearing capacity of a 
roof is established by the structural engi- 
neer and must never be exceeded. In new 
construction, the roof structure can usually 
be strengthened to accommodate heavier 
loads Typically, a minimum additional dead 
load limit of 7.18 kPa (150 psf) between 
columns is needed to accommodate the 
construction of a roof garden, although the 
loads above columns and at the bearing 
edges of a roof can be considerably greater. 
A structural engineer should always be con- 
sulted before beginning any type of roof or 
deck landscape design and construction. 



2.2 Waterproofing 

Waterproofing is another important factor 
in the design of a roof garden. A typical 
section through a roof consists of the struc- 
tural framing or reinforced concrete slab, 
sometimes sloping to provide drainage to 
roof drains, a layer of waterproofing mate- 
rial, a layer of insulation, and a layer of 
lightweight concrete to protect the insula- 
tion and the waterproof membrane (Figure 
610-1). Alternatively, the insulation may be 
installed inside the ceiling of the structure. 
The final layer of lightweight concrete is 
sloped to drain. 

There are an increasing variety of water- 
proof membranes, employing different 
materials and methods. Elastomeric materi- 
als offer the greatest protection. 
Bituminous waterproofing should be 
avoided. Areas where the waterproofing is 
exposed should be flashed and protected 
from potentially harmful sun rays. 

A complete and long-lasting seal must 
be achieved before any additional materials 
can be placed on top of the membrane 
Quality control and testing by the building 
architect is crucial at this stage, to ensure 
the integrity of the roof, and thereby to 
prevent costly repairs if leaks occur under 
the finished roof or deck landscape. A 
properly installed waterproof membrane 
can last for the life of a building, however, 
a single leak may require the removal of the 
entire garden in order to find the leak. 



The single most important consideration concerning roof and deck landscape con- 
struction Is protecting the roof and structure from damage due to excessive loading 
or leaks. 

1 The building architect and/or structural engineer should always be consulted prior to 
roof or deck landscape design and construction. 

2 Rooftops must typically be able to support a dead load limit of 7.18 kPa (150 psf) to 
accommodate the construction of a garden. The loads above support columns and 
at the edges of a roof can be considerably greater. 

3. The roof should be completely covered by a waterproof membrane. Elastomeric 
materials offer the greatest waterproof protection currently available. Bituminous 
waterproofing should be avoided. 

4. The best drainage system for the roof garden is usually through the same system 
used by the building. A typical design incorporates a drainage mat placed on the 
protection board/slab, that directs all filtration water into the roof drains 

5. Anchoring structures to the rooftop slab and penetrating the waterproof membrane 
should be avoided whenever possible. Figures 610-22 through 610-24 illustrate 
alternative methods of anchoring. 
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Even small leaks in the membrane may 
create water-filled openings into which tree 
roots may penetrate. Over time, these 
roots can enlarge the openings, causing 
additional hidden damage to the water- 
proof membrane and eventually to the roof 
and building below. 



3.0 SPECIAL PROVISIONS 



3.1 Drainage 

Drainage for roof gardens must be as effec- 
tive as the building roof. The best way to 
handle the drainage for the roof garden is 
through the same system used by the 
building. There is no need to duplicate or 
add a larger system unless required by the 
roof garden design. Extra surface drains 
may be installed by connecting them to 
additional pipes laid on the roof surface, 
which in turn are connected to the roof's 
drainage system. Roof drains should be 
designed to colled both surface and lateral 
subsurface drainage water whenever possi- 
ble. 

The planting medium used on roofs 
allows almost immediate downward perco- 
lation of water. Positive lateral drainage 
should be provided through the subsurface 
of the soil toward the drains 

Figure 610-1 illustrates a typical section 
through a roof planting. The structural slab 
is covered with a waterprool membrane, a 
rot-resistant protection board, an insulation 
board (unless insulation is installed within 
the structure), and a lightweight concrete 
protective slab sloped to drain. A light- 
weight drainage mat placed on top of the 
concrete. A rot-resistant filter layer of non- 
woven polypropylene fabric (filter blanket) 
is placed over the drain mat, to prevent the 



planting soil medium from entering and 
clogging the drainage system. It is crucial 
that the planting medium contain no fine 
silts which will clog the filter blanket and 
block drainage. This cross section allows 
water to penetrate the soil layer, pass 
through the filter blanket into the drainage 
mat, and flow across the protective con- 
crete slab into openings in the sides of the 
roof drain, and out through the stormwater 
system. Any excess water will flow across 
the surface of the soil to the perforated 
upper surface of the roof drains. This sys- 
tem has proved to be very effective even in 
areas of extremely heavy rainfall. 

Figures 610-2 through 610-15 illustrate 
a number of drainage details that can be 
incorporated into typical rooftop land- 
scapes. Any of these can be adapted or 
combined to fit special circumstances. 

All concealed pipes and drains should be 
carefully recorded on an as-built plan of the 
roof garden. This is important not only to 
prevent possible damage due to later dig- 
ging but also to provide easy access for 
cleaning and/or repairing these elements. 

Provisions should be made for the peri- 
odic cleaning of trapped sediment and the 
removal of roots growing into the drainage 
system, whenever possible. 

3.2 Lightweight Planting Medium 

The critical criteria in the formulation of a 
suitable planting medium for roof gardens 
are light weight, the ability to hold nutri- 
ents and adequate moisture for plant 
growth, and the capability of developing a 
firm but easily drained soil structure. 
Ready-mixed soils are available commer- 
cially, but a suitable soil mixture can be pre- 
pared for each project 



following the given formula per cubic 
meter (cubic yard): 

i m VA ydj fine to medium sand (No. 
18 to No. 60 sieve size, with no silt) 

* m J (V> yd') 2-5mm (1/8-1/4 in) 
expanded shale 

add to the above: 

10% 2-5mm VA-% in) nitrolized pine 
bark 

1 kg (2 lb) UF-38 Nitroform slow release 
fertilizer or equal 

0.75 kg (1.5 lb) 6-20-20 fertilizer 

1 kg (2 lb) 0-25-0 single super phos- 
phate 

0.5 kg (1 lb) iron sulfate 

Expanded shale is commonly used in 
place of gravel in lightweight concrete and 
is generally available from suppliers of con- 
crete materials. 

Fine Sand: 

The fine sand used in soil mixes is of critical 
importance to the soil's drainage character- 
istics. Sand with the physical properties list- 
ed in Table 610-1 and the chemical proper- 
ties listed in Table 610-2 has proven effec- 
tive for roof garden soil mixes. 

Soil Amendments: 

Any soil amendments to be used in the mix 
should be tested by an approved laborato- 
ry for the minimal properties listed in Table 
610-3 

Organic materials such as fertilizers, par- 
ticularly nitrogen and other minerals that 
dissolve, will gradually be leached away by 
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DRAINAGE MEDIUM 
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SLAB 

INSULATION BOARD 



^-H- — WATERPROOF MEMBRANE 
•-] STRUCTURAL 5LAB 



Figure 610-1. Typical cross section of roof or deck 
landscape. 




PLANTING MEPIUM 

FILTER BLANKET 

DRAINAGE MEDIUM 

PROTECTION BOARD 
INSULATION 
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PERFORATED DRAIN 
STRUCTURAL 51AP 



Figure 610-2. Roof drain under planting area, insulation 
layer placed directly on waterproof membrane with perforated 
protection board to prevent damage to insulation. Water reaching 
the insulation is carried off through the root drain. 
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PERFORATED ROOF DRAIN 

PLANTING MEDIUM 
FILTER BLANKET 

DRAINAGE MEDIUM 
PROTECTION BOARD 
INSULATION 

WATERPROOF MEMBRANE 
STRUCTURAL SLAB 



Figure 610-3. Roof drains for fiat planted surfaces. On flat 
planted surfaces, both surface and subsurface drainage is accom- 
plished with perforated roof dram flush with planting medium. 
Filter blanket prevents seepage of planting medium into the drain- 
ing layer. 
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DRAINAGE MEDIUM 
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Figure 610-4. Drains for low areas. When low places occur 
on the surface not near a major subsurface drain, a lateral pipe and 
drain can carry water quickly to the main drain. 




Figure 610-5. Drains for paved areas near planting beds. 

For drains in paving near an area of planting medium, topping slab 
is installed directly on the drainage medium after filter blanket is 
first placed to prevent loss of wet concrete into the drainage medi- 
um. 



Figure 610-6. Main roof drain under planting. Mam roof 
drain can be located under a thickened section of the drainage 
medium, which is protected by a filter blanket. A second filter 
blanket over the drain strainer and the ends of the lateral drain 
pipes prevents plugging of drain openings by planting medium. 
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Figure 610-7. Half-round drainage channel under plant- 
ing. A sloping drainage channel formed in the concrete protective 
slab is covered with half-round perforated pipe in 600-900 mm (2 
to 3 ft) lengths and a filter blanket. 



Figure 610-8. Lightweight drainage techniques, in small 
areas where a lightweight drainage medium is needed, slope the 
protective slab to the roof drain, and cover with 1 200 x 1 200 x 
50 mm (4 ft x 4 ft x 2 in) Styrofoam sheets. Sheets must be square 
with 50 mm (2 in) spaces between for adequate drainage. Cover 
with filter blanket. 
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Figure €10-9. Subsurface drainage under paving. Paved 
area is placed directly on surface of the drainage medium to allow 
a continuous subsurface drainage layer sloped toward the roof 
drains. Filter blanket prevents wet concrete from penetrating 
drainage material. Drainpipe under the paving at intervals 
improves drainage. 
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Figure 610-11. Subsurface drainage under pawing on 
grade. In open- joint paving without pedestals, where no insula- 
tion is needed, filter blanket is held to the protection board by 
mastic or hot tar at its outer edges to prevent seepage of silt into 
the dram, and the gravel drainage layer is compacted with a 780 
kg (400-lb) roller. 



Figure 610-10. Subsurface drainage for paving on 
pedestals. Pedestal-mounted, removable, open-joint paving pro- 
vides positive drainage, adjustable heights, and easy access to the 
roof surface for cleaning or repair. Insulation is fitted between the 
pedestals. 
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Figure 610-12. Weep holes and gutter to roof drain. 

Where a waterproof roof is not necessary, paving slab is poured 
directly onto the structural slab. Planting medium behind wall is 
drained through weep holes to an open gutter. 
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Figure 610-13. Roof drain through topping stab. Basic 
method used to drain a roof which has a topping slab protecting 
the waterproof membrane. Insulation is optional. Common when 
roof plantings are held in pots or tubs only, or when the deck 
includes no plantings at all 



Figure 610-14. Square surface drain. A typical round drain 
is installed with its grating below the top of the basic finish slab, 
to allow installation of a square grill on a square-patterned surface. 
The finish slab is formed with an indentation for the grout. 
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BULBING WALL 



DOWNSPOUT BRAIN LINE 
THROUGH WALL TO GUTTER 




Figure 610-15. Drainage through raised planting bed. Raised planting areas can 
be separated from a porous building wall to protect it from soil dampness. Allow clear- 
ance for repairs, Downspouts are brought through the planting bed to a walkway gutter. 
The back space is drained by weep holes through the drainage medium to the front, gut- 
ter and/or by slope to either end of the back space. 



STEPS POURED ON 
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Figure 610-16. Lightweight alternative for raising planting bed. Alternative 
method for raising a planting bed adjacent to a building wall. A concrete wall is carried 
1 50 mm (6 in) above the finished grade of the planting level and waterproofed. The 
planting medium can include lightweight Styroioam blocks for weight reduction 
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Figure 610-17. Concrete boxes used to raise beds. Concrete boxes, instead of 
soil or Styroioam, are used tor lightweight structural strength. 



watering. Local public water supplies may 
also lack calcium, iron, magnesium, and 
sulfur. Thus, periodic replacement of these 
and other materials by surface application 
may be needed. Annual soil tests should be 
made by a soils laboratory to determine 
deficiencies and recommend additives. 

Depths and Weights of Planting Medium 
and Plants: 

Table 610-4 shows the minimum soil 
depths needed for different types of 
rooftop plantings, Table 610-5 shows typi- 
cal dry and damp weights of various plant- 
ing media, and Table 610-6 shows the 
weight of container and field-grown plants. 

Ways to Reduce Weight: 

Light-weight soil mixes are an alternative if 
optimum soil depths result in excessive 
weight on the structure. However, if the 
subsurface drainage system fails and the soil 
becomes saturated, even light-weight 
planting mix can weigh as much as 585 
kg/m J (120 pounds per cubic foot Ipcf]) 
Voids must be created beneath the soil 
medium if the roof cannot withstand a load- 
ing of this magnitude (Figures 610-16 
through 610-18). The most common meth- 
ods of creating these voids include casting a 
false bottom or using large blocks of high- 
density Styrofoam, typically 1 200 mm x 
2 400 mm x 250 mm (4 ft x 8 ft x 10 in) 
thick. 

Figure 610-19 shows how a roof struc- 
ture can be designed to provide a recessed 
planting area over a column for a large tree. 
Figure 610-20 illustrates a method to 
change grades between an on-grade side- 
walk and roof deck without using excessive 
depths of planting media. Figure 610-21 
shows one way to reduce weights for 
plants in containers. 

3.3 Adaptation to Climate 

Climate: 

Wind, sun, shade, and extremes of temper- 
ature, as well as long dry or wet periods, 
snow loads and frost, are much greater 
problems for roof or deck gardens than for 
other landscapes The greatest problems 
are found in climates where there are 
extremes of both heat and cold. In such 
areas, all piping must be drained complete- 
ly or insulated against freezing prior to the 
onset of winter. The weight of accumulated 
ice and snow must not exceed the weight 
limits of the roof's structural system In 
areas of heavy rains, there must be quick 
and positive surface and subsurface 
drainage to prevent flooding. Even in 
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Table 610-1. 

SIEVE ANALYSIS FOR SAND* 



Table 610-3. MINIMAL PROPERTIES OF SOIL AMENDMENTS 



Sieve Size 


Weight (*» pi 


No 4 


100 


No 10 


95-100 


No. IB 


90-100 


No, 35 


65-100 


No. 60 


0-50 


No 140 


0-20 


No 270 


0-7 



Table 610-2. 

SUITABLE CHEMICAL PROPERTIES 



Salinity (millisiemens per cm of 

saturation extract at 25CC) 0-3.0 

Saturation extract concentration 

of boron 0-1.0 

Adsorption ratio of sodium (SAR) 0-6.0 





95-100 
75100 
0.30 


6.35 mm, 1/4 in mesh 
2.38 mm. No. 8, 8 mesh 
500. No. 35, 32 mesh 




Nitrogen content, 


Dry hulk density, 




if nitrogen stabilised 


k&m' flb/y') 


Redwood sawdust 


0.40-0 60% 


159-218 (270-370) 


Redwood bark fiber 


35-0.50% 


147-206 (250-350) 


Fir or cedar sawdust 


056-084% 


159-218 (270-370) 


fir r\r nin/> hjr'L 
rir di jjint uarr. 


0.80-1.20% 


265-341 (450-580) 


Hardwood bark 


0.80-1 20% 


265-294 (450-500) 


Iron content 

Soluble salts 
Organic content 
Mineralized 


Minimum 0.08% dilute acid soluble iron based on dry weight if specified 
as. or claimed to be, iron treated. 

Maximum 3.0 ms/cm at 25° C as determined in saturation extract. 
Minimum 92% based on dry weight and determined by ash method 

Other mineral fertilizers or chemical amendments may be specified for 

incorporation. 



Wettability 



The air-dry product shall, when applied to a cup or small beaker of water at 
70" F in the amount of 1 tsp. become completely wet in a period not 
exceeding 2 minutes Any wetting agent added to accomplish this shall be 
guaranteed to be nonphytotoxic at rate used. 



regions where these extremes of climate 
are diminished, there can be temporary 
extremes caused by storms or unusual 
weather patterns. 

Wind: 

Trees, vertical structures (such as fences, 
walls, and light standards), and other simi- 
lar elements must be designed or selected 
to resist wind damage due to overturning 
or breaking, Plants are also subject to flag- 
ging, or lopsided growth, due to strong, 
persistent winds. More typically, even nor- 



mal wind flow can cause excessive drying 
of plant materials and soils and even high 
evaporation of water. 

Sun and Shade: 

The planting must be selected in accor- 
dance with its adaptability to either sun or 
shade conditions. In sunny areas the water 
requirements may be greater because of 
more rapid drainage and evaporation. The 
creation of natural or artificial shade can 
reduce water loss. Human use and enjoy- 
ment of gardens varies considerably 



Planting medium for roof and deck landscapes must be light-weight, provide the 
proper balance of nutrients, and provide positive drainage. Ready-mixed soils are 
commercially available, or can be produced on-site. 

1 . The planting medium must allow for downward percolation of water, and be free of 
fine silts that will clog the filter blanket and block drainage 

7. Periodic replenishment of fertilizers, dissolving minerals and other materials In the 
soil may be required. 

3. If optimum soil depth results in excessive weight on the structure, various techniques 
may be used to minimize soil depths and reduce loading (Figures 610-16 through 
610-21). 



between sunny and shady areas, and this 
distinction should therefore be taken into 
account in the location and layout of any 
roof or deck landscape. 

3.4 Irrigation 

The relatively thin, well-drained soil mix- 
tures typically used in roof gardens cannot 
provide plants with the subsurface water 
normally available to ground level planti- 
ngs. Care must be exercised to prevent the 
planting medium from drying out and caus- 
ing damage to plant materials. Drying and 
overheating of soil can often be controlled 
by the application of a 25 mm (1 in) top- 
ping of pine, redwood or fir bark in 5-20 
mm (1/4-3/4 in) sizes. 

Hand watering is usually too labor-inten- 
sive and unreliable for large roof or deck 
landscapes. An underground sprinkler or 
irrigation system with automatic controls is 
the most reliable and cost-effective method 
of watering plants and lawns on roofs. 
These systems can be made of plastic pipe 
and fittings, which are durable, lightweight, 
easy to install, and often the least expen- 
sive to operate. 

Piping should be installed directly on top 
of the filter blanket. The riser heads should 
be temporarily capped and tested under 
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Figure 610-18. Alternative way to 
reduce weight of planting medium. 

Styrofoam blocks placed at suitable depths 
reduce the weight and mass of tiie planti- 
ng medium. 





Figure 610-20. Lightweight method 
for changing grades. Method to change 
grades between sidewalk and roof deck. 
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Table 610-4. 
MINIMUM SOIL DEPTHS 




LIGHTWEIGHT SOIL 
PEAT MOSS, BAKK 
CHIPS OR OTHER 
FILLEK MEDIUM 

FILTER BLANKET 

LIGHTWEIGHT 
DRAINAGE MEDIUM 



610-21. Lightweight plant containers. 

Method for stringent weight restrictions. Plastic containers 
are substituted for clay, and lightweight drainage medium 
is substituted for soil. For planting directly in soil, 200 to 
250 mm (8 to 10 in) of lightweight soil is placed on 
drainage medium covered with a filter blanket. 



PLANTING MEDIUM 
FILTER BLANKET 

LOW-LEVEL WALKWAY LIGHT 

LEVEL FLANGE AND 
SCREW-IN PIPE STANPARE 
DRILL AND BOLT TO 
CONCRETE PROTECTIVE 
SLAB 

DRAINAGE MEDIUM 
CONCRETE PROTECTIVE SLAB 

INSULATION 

WATERPROOF MEMBRANE 



STRUCTURAL SLAB 




Lawns 

Flowers arid 
ground covers 

Shrubs 

Small trees 

Large trees 



200-300 mm (8-12 in) 

250-300 mm (10-12 in) 
600-750 mm (24-30 in)t 
750-1 050 mm (30-42 in) 
1 500-1 800 mm (5-6 ft) 



" on filter blanket and drainage medium 
t Depending on ultimate shrub stie. 



Table 610-5. WEIGHT OF PLANTING MEDIUM 



Material kg/m> lb/ft- kg/m" lb/ft" 


Fine sand 


1440 


90 


1920 


120 


Cedar shavings with fertilizer 


148 


9 


208 


13 


Peat moss 


154 


10 


165 


10 


Red lava 8 mm (5/16 in) maximum 


800 


50 


859 


54 


Redwood compost and shavings 


237 


15 


355 


22 


Fir and pine bark humus 


355 


22 


533 


33 


Perllte 


104 


7 


518* 


32' 


Vermiculite 










Coarse 


100 


6 






Medium 


92 


6 






Fine 


120 


8 






Topsail 


1216 


76 


1248 


78 



1 Applies to wrt not damp, pedite 



Figure 610-22. Anchoring light standards to pro- 
tective slabs. The base flange of low-level 1750 to 
1 200 mm (30 to 48 in)] light standards can be anchored 
to the concrete protective slab by bolts either screwed into 
expansion shields set in drilled holes or fired into the slab 
by explosive cartridges. 



IP 



DHL; 



LIGHT STANDARD WITH 
STEEL FLANGE 



PLANTING MEDIUM 
STEEL FLANGE 
DEAD MAN FOOTING 

CONCRETE PROTECTIVE SLAB 
INSULATION 

WATERPROOF MEMBRANE 
STRUCTURAL SLAB 



610-23. Use of deadmen as anchors. 

Deadman footings can anchor light standards. 



TABLE 610-6. Weight of Container and Field-Grown Plants 



Container grown in 
Container size mushroom compost, kg (lb] 



Field-grown, kg (lb) 



55-L (15-gal) can 
500-mm (20-in) box 
600-mm (24-in) box 
750-mm (30-in) box 
900-mm (36-in) bo* 
1 200-mm (48-in) box 
1 350-mm (54-in) box 
1 500-mm (60-1 n) box 

1 800-mm (72-in) box 

2 100-mm (84-in) box 

2 400-mrn (96-ln) box 

3 000- mm (120-in) box 



35 (80) 
90(200) 
180(400) 
360 (800) 
590(1,300) 
1 575 (3,500) 

1 800 (4.000) 

2 250 (5.000) 

3 150 (7.000) 

4 050 (9.000) 

5 400(12.000) 

6 300 (14.000) 



Note: All the above are flipping weights, including the box 



180 (400) 
325 (725) 
675 (1,500) 

1 125 (2,500) 

2 700 (6,000) 

3 150(7,000) 
3 600 (8,000) 
5 400 (12.000) 
7 200(16,000) 

9 000 (20.000) 

10 800(24,000) 
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pressure for leaks before the planting medi- 
um is added. Sprinkler controllers may be 
placed in a locked outdoor cabinet or 
placed in an adjacent inside room 
Complete drainage of all the lines and fix- 
tures should be provided in regions where 
freezing can occur. Access to a source of 
electrical power of 110 - 120 V ac is 
required for the controller clock and step- 
down transformer. Close coordination with 
the building's electrical and mechanical 
engineers is required to ensure that all of 
the water, electrical, and drainage needs for 
the roof garden are provided, and that the 
responsibility for this work is described in 
the building's construction specifications. 



4.0 SELECTION OF MATERIALS 
AND METHODS OF 
ANCHORING 



4.1 Structural Materials 

The construction of light standards, walls, 
fences, wind screens, pergolas, curbs, steps, 
and other structural elements should all be 
considered in relationship to the structural 
limitations of the roof and its supports 
below, The omnipresent factor of weight 
has a strong effect on which materials are 
used. Aluminum light standards, light- 
weight concrete for paving, curbs and 
walls, and other strong but lightweight 
materials should be used whenever such 
elements are needed. Tables 610-7 and 
610-8 give typical weights for some of the 
common materials used in the construction 
of roof gardens 

4.2 Paving 

The type and pattern of paving materials 
chosen are as important to the viewers 
from surrounding buildings as they are to 
the actual users of the roof garden. The 
color, tone, texture, and contrast of these 



materials can sometimes be greater than 
ordinarily found in a typical ground level 
landscape. For instance, the color and tex- 
ture of concrete or brick as seen from 
above can contrast with the planting and 
water surfaces, thereby creating strong 
visual impressions Materials should also be 
selected for their light weight and durabili- 
ty Brick pavers, tiles, textured wood deck- 
ing (where permitted by local codes and 
weather conditions), and colored or 
exposed aggregate concrete are all excel- 
lent choices for rooftop developments 

4.3 Methods of Anchoring 

The structural elements, including light fix- 
tures, need to be carefully anchored when 
used on rooftops Figures 610-22 through 
610-24 show ways that this can be accom- 
plished without penetrating the waterproof 
membrane or structural slab. Figures 610-25 
and 610-26 illustrate ways to secure an ele- 
ment to a roof when such anchorage is 
mandatory. Typically, nothing should be tied 
to the structural slab without the approval of 
the building architect. Other techniques for 
anchoring elements are shown in Figures 
610-27 through 610-29. In many cases, 
raised planting beds or similar structures are 
secured by the weight of the soil or materi- 
als, and may not require anchoring. 

Rooftop furniture often does not need to 
be fixed in place but can be left to be 
moved as needed, unlike the chairs, bench- 
es, and other site furniture in most on- 
grade public landscapes. However, it is best 
to use heavy metal or wood furniture to 
prevent its movement by strong winds 



5.0 POOLS AND FOUNTAINS 



5.1 General Considerations 

The use of water can add greatly to the 
interest and enjoyment of roof deck areas. 




The effects of wind, heat, cold, drought, and precipitation, are amplified in rooftop 
and deck landscapes, because of their shallow planting medium and the importance 
of protecting the structure below. 

1. In cold climates, all piping must be drained completely or insulated against freezing. 
The weight of accumulated ice and snow must also be accounted for, so as not to 
exceed the limits of the roof's structural system 

2. Trees and vertical structures must be designed or selected to resist wind damage due 
to overturning or breaking. 

3. Drying and overheating of planting medium can often be controlled by the applica- 
tion of mulch and the installation of an irrigation system. 



There are several factors to consider, how- 
ever, regarding the weight of the water and 
its container, as well as the dangers of pos- 
sible leaks into the structure below. If it is 
known prior to the roof's structural design 
that a pool or fountain is to be used, then 
it can often be easily accommodated, 
although there may be considerable con- 
straints on the amount of water that can be 
used. 

Where possible, the heaviest water ele- 
ments should be located directly over sup- 
port columns. The illusion of greater water 
depth can be achieved by coloring the bot- 
tom and sides of the pool dark gray or 
black. Satisfactory water effects can be 
achieved in depths as shallow as 100 - 400 
mm (4 - 16 in). This is particularly true if the 
surface can be kept agitated so that visibil- 
ity to the bottom is obscured. (Refer to 
Section 530: Pools and Fountains, for infor- 
mation on the design and detailing of these 
elements.) 

Roofs with very stringent weight con- 
straints may require a shallow pool created 
by using preformed shapes made from 5 
mm (1/4 in) fiberglass. A satisfactory water 
surface can be obtained with a very shallow 
depth (Figure 610-30). This detail is often 
used in garden ponds to provide a natural 
appearance. 

5.2 Waterproofing and Anchoring 
Pool Walls 

Unless pool walls are properly anchored 
and sealed, they can cause serious leaks 
Figures 610-31 through 610-34 illustrate 
different methods of achieving a positive, 
leakproof seal. In Figure 610-31, the pool 
bottom and wall are poured as an integral 
unit directly on the continuous waterproof 
membrane of the roof. The anchoring rein- 
forcing rods may be placed when pouring 
the structural slab if recommended by the 
structural engineer. In Figure 610-32, a 
smaller core wall is poured and tied into the 
structural slab with preplaced rods The 
waterproof membrane is then laid on the 
structural slab and brought over the core 
wall and down to the slab surface again in 
a continuous run. The pool bottom, as well 
as the balance of the wall, is then poured 
separately over the core wall. Because of 
the chance of cracking, this separate pour 
should be reinforced with wire mesh, and 
consultation with a structural engineer is 
recommended. The water surface elevation 
of the pool is established just below the 
height of the core wall. 

Figure 610-33 is a variation of Figure 
610-32. The core wall is poured on top of 
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PIPE LIGHT STANDARD 5LIPPED 
OVER PIPE FLANGE 



PLANUNG MEDIUM 
PIPE WITH FLANGE 

FILTER BLANKET 
DRAINAGE MEDIUM 
CONCRETE PROTECTIVE 5LAB 

WATERPROOF MEMBRANE 



STRUCTURAL SLAB 



Figure 610-24. Anchoring low-level light standards. A low-level light standard 
held in place by the weight of soil on the flange; best-suited for areas where vandalism 
is negligible. 



ma_ 



TALL LIGHT STANDARD SLIPPED 
OVER FLANGE 

TOPPING SLAB 



* rm 



INSULATION 

WATERPROOF MEMBRANE 



- STRUCTURAL SLAB 



Figure 610-25. Anchoring tall light standards. Tall, wind-resistant light standard 
attached to bolts set into the stiuctural slab when poured. Bolts are sealed against leakage. 
The flange can be set at any desired grade. Also useful for shelters, benches, fences, etc. 



When designing water features for roof and deck landscapes, there are several factors 
to consider regarding the weight of the water, as well as the dangers of possible 
leaks into the structure below. 



1 . Where possible, the heaviest water elements should be located directly over support 
columns within the structure. 

2 Minimum water depths should be used. A darkly -colored bottom and sides of the 
pool, as well as agitation of the water will allow for satisfactory effects In depths as 
shallow as 100-400 mm (4-16 in) 

3. Pools must be properly anchored to the structure, and sealed to prevent leaks 
Figures 610-31 through 610-34 illustrate various anchonng methods that preserve 
the integrity of the waterproof membrane. 



the finished protective slab. Inside the pool 
area, a waterproof membrane is placed and 
brought to the top of the core wall. The 
bottom and wall of the pool are then 
poured separately as a unit. Figure 610-34 
shows a variation where the pool is lined 
with tile. In areas where freezing occurs in 
the winter, pools should be drained for the 
duration of the season to prevent damage 
to the waterproof structure. 



6.0 PROVISION FOR UTILITIES 



6.1 Electrical 

A standard 1 10 - 120- volt ac electrical sup- 
ply is sufficient for most roof garden uses, 
such as lighting, barbecuing, appliances, 
fountain and irrigation controllers, Outdoor 
heaters, electrically powered mobile win- 
dow washing machines, and occasionally 
fountain pumps may require 220 volt ac. 
All electrical requirements should be met in 
accordance with the recommendations of 
an electrical engineer. 

All electrical supply conduits should be 
enclosed in metal for protection from dig- 
ging, given the shallow soil conditions, 
although low-voltage lighting may be sup- 
plied by flexible cable. The subsurface dis- 
tribution system should be placed prior to 
installing the planting medium and/or 
paving. Electrically operated or photocell - 
controlled timing devices are additional 
conveniences for gardens which are regu- 
larly lighted at night. 

6.2 Water 

A supply of clean water is needed for irri- 
gation, ornamental pools and fountains, 
the cleaning of roof surfaces, and fire pro- 
tection. Water pressure for irrigation sys- 
tems should be provided from a minimum 
level of 240 kPa (35 psi) to a maximum of 
approximately 480 kPa (70 psi). This sup- 
ply, if connected to the building's potable 
water system, can also be used for drinking 
fountains. Water for fire protection can be 
separate and need not be potable 
Irrigation and fountain water supplies must 
contain suitable backflow prevention 
devices to guard against contamination of 
potable water sources. 

Provision should be made for indoor 
locations of lighting and irrigation con- 
trollers, electrical panels, pumps, motors, 
and other mechanical equipment needed 
for the garden, as well as for gardening 
tools and supplies. 
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7.0 SAFETY AND SECURITY 



Table 610-7. WEIGHT OF COMMON BUILDING MATERIALS 
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Most roof gardens are several stories above 
ground level, creating a need to alleviate 
psychological fears as well as to provide 
physical barriers for safety. Given limited 
roof space, it may be necessary to allow 
users to approach the edge of a roof, but it 
is generally more appealing to have a space 
or barrier between the roof edge and the 
usable areas. Figure 610-35 shows three 
different ways to handle parapet walls. 

It may be desirable to provide places 
where people can gain access to a railing 
on the roof's parapet in order to look 
downward as well as horizontally for those 
who desire to do so. The spaces between 
railings and posts should be closed in with 
wire fabric, safety plate glass, fiberglass, or 
other suitable material to prevent easy or 
accidental penetration by small children, 
pets, or others. Figure 610-36 shows how 
guard railings can be attached to the top or 
roof side of the parapet or set slightly back 
from the parapet. Higher barriers of 
opaque or transparent material can be sub- 
stituted in these same locations for both 
safety and wind protection 



(.0 MAINTENANCE 



Most roof gardens require consistent main- 
tenance. This includes watering, fertilizing, 
shearing, pruning, bracing, raking, replant- 
ing, sweeping, the removaJ of debris, the 
repair and adjustment of irrigation and 
lighting equipment, and the clearance of 
obstructions in the drainage system. 

8.1 Paving, Fixtures, and 
Furnishings 

Paving, drinking fountains, light fixtures, 
benches, pools, fountains, decks, walls, 
fences, steps, ramps, etc., require little spe- 
cial maintenance associated with roof and 
deck landscapes. 

Planted areas near pavement edges 
should be checked every 2 to 3 years to 
determine whether roots have penetrated 
under the pavement. Roots growing under 
paving can heave the paving and as a result 
change the surface drainage. These roots 
should be cut to slow further growth. 



lb/ft* 



m- 8.2 Plant Maintenance 
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Normal levels of maintenance are needed 
each season. Special attention should be 
given to pruning trees and shrubs in order 
to maintain a balance between branching 
and root growth. Regular maintenance will 
not only prolong the life of the plants but 



Granite 
Marble 

Slate 

Limestone 
Sandstone 
Shale 

Expanded shale 

Field stone 

Gravel 

Pebbles 

Pumice 

Concrete 
Lightweight 
Precast 
Reinforced 

Concrete block 200 mm (8 In) 

Bnckwork (average) 

Cast Iron 

Steel 

Bronze 

Timber 

Hardwood (average) 

Softwood (average) 

Sand 

Dry 

Wet 

1760-2080 

Sand and gravel: mixed 

Clay soil 
Compacted, dry 
Compacted, wet 

Loam 

Dry 

Wet 

Special commercial soil, wet 

Topsoil 

Dry 

Wet 

Peat 
Dry 
Wet 

Humus 
Dry 
Wet 
Water 

Flagstone and setting bed 
file and setting bed 



170 
170 

160-180 

155 

145 

160 

40-45 

95 

120 

120 

40 

BO-1O0 

130 

150 

50-60 

115 

450 

490 

513 



45 
35 



90-110 
110-130 



115 



75-100 
125 



80 
120 

110 

80 
120 

50 
60 

35 
80 
60 

25 Ib/ff 
15-73 lb/ft ; 



2720 
2720 

2560-2880 

2480 

2320 

2560 

640-720 

1520 

1920 

1920 

640 

1280-1600 

2080 

2400 

800-960 

1840 

7200 

7840 

8210 

720 
560 

1440-1760 
1B40 



1200-1600 
2000 



Source. A F. Weddle, Landscape Techniques, van Nwtranrt Reinhold. New York. 
Architectural Graphic Standards, 9th ed.. Wiley. New York, 1994; Olwen C " 
York. 1977. American Institute ul StetH Construction, Inc 



1280 
1920 

1760 



1280 
1920 



800 
960 



560 

1280 

960 

122 kg/nv 

73-353 kg/rrr 

1983. C C. Ramsey and H. R. Sleeper, 
Outdoor Design, Watson-Ouptill. t 
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Figure 610-27. Attaching wood to concrete decks. Wood 
posts and planks of a garden, flower bed, or sandbox attached to 
concrete deck. Walls not over 600 mm (2 ft) in height are braced 
with 300 mm x 300 mm x 5 mm (1 ft x 1 ft x 1/4 in) galvanized 
angle braces. Small four-sided beds need only corner braces. Soil or 
rivets hold bed in place. 



Figure €10-26. Attaching fences to walls. Preferred attach- 
ment of fence to the top of a wall instead of directly to roof sur- 
face. Fittings should be durable and strong, or galvanized pipe 
posts can be substituted and placed when wall is poured. 




PRESSURE TREATED WOOD 



PLANTING MEDIUM 
BOLT 

CONCRETE DEADMAN 



# rl .;l l ii - ., -^j; CONCKtlL DtAUMA 

' ' — ~ ^ } ; ■ ■■; ■ »••■> DRAINAGE MEDIUM 



CONCRETE PROTECTIVE SLAB 
' WATERPROOF MEMBRANE 
+ J — STRUCTURAL SLAB 



Figure 610-28. Use of deadmen to anchor wood struc- 
tures. Alternative method for anchoring wood posts and plants to 
concrete deadmen. 
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Figure 610-30. Fiberglass pool wall. 




EYE HOOK IN CONCRETE 
WITH GUY WIRES 



Figure 610-29. Anchoring large plants and trees. Method 
for securing guy wires to concrete beds. Galvanized eye-hook bolts 
are placed when the walls are constructed. Eye bolts can also be 
attached to masonry building surfaces. Waterproofing is necessary 
at attachment points. 
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FINISHED INTERIOR 
WATERPROOF CEMENT 




POOL WALL POURED ONTO 
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INTEGRAL WITH POOL BOTTOM 

PAVING 
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Figure 610-31. Pool wall and bottom poured as one. 
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Table 610-8. WEIGHT OF WOOD 



Dried to 12% 





lb/ft' 


kg/ft' 


Ib/fbm 


kg/fbm 


lb/ft' 


kg/ft 4 


Ib/fbm 


kg/fbm 


DouRlas fir 


38 


1 7 


3.17 


1.43 


34 


1 5 


2.83 


1.27 


Redwood 


52 


23 


4.33 


1.95 


28 


13 


2.33 


1.05 


Cedar, western red 


27 


1 2 


2.25 


1 01 


23 


10 


1.92 


0.86 



"1 ff = 12 boaid ft (fbm) of lumber. 

Source: Courtny of the California Redwood AiMnation 
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Figure 610-32. Pool wall tied to structural slab (alternative 1). 
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Q- Figure 610-33. Pool wall tied to structural slab (alternative 2). 
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q Figure 610-34. Pool wall faced with tile. 



will also help prevent the overturning of 
top-heavy plants due to strong winds. 
Periodic thinning should be done to allow 
the wind to pass through the foliage, 
except in areas where plants are used for 
windbreaks. 

Plants on roofs or decks are, in effect, 
growing in containers. Therefore, the roots 
of large trees and shrubs will tend to dom- 
inate the planting medium and inhibit the 
growth of smaller plants. The areas near 
the edges of the containers should be 
checked for roots and if they appear to be 
affecting the growth of smaller plants, 
roots should be pruned. 

Roof gardens must be well-drained and 
plants require more frequent feeding and 
related care. A year after installation, all 
planted areas should receive a top dressing, 
approximately 5 mm (1/4 in) thick, made up 
of a mixture similar to the original planting 
medium. This should be continued annually 
or adjusted to maintain the original level of 
the grades and planting mixture. 

Failing plants should be replaced as soon 
as their condition becomes apparent 
Usually, these plants should be replaced 
with the same variety unless it can be 
determined that the particular plant is not 
hardy in a specific location. 

Lastly, maintenance can be simplified if 
plants are selected for their zonal hardiness, 
for their resistance to wind and human 
abuse, for their noninvasive root systems, 
and for their reliability in not exceeding a 
specified size. There are few ornamental 
landscape plants used in the world which will 
not grow in well-designed roof gardens in 
their own locality. However, just as designers 
must carefully choose plants for the specific 
microclimate, soil, and other habitat condi- 
tions found in ground level landscapes, so 
they also must exercise sound judgment in 
selecting plants for roof landscapes. 

The intent of this section has been to 
help provide the physical context needed 
for plants to grow successfully rather than 
to provide data on the large number of 
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In addition to standard maintenance practices associated with all types of landscapes, 
roof and deck gardens require special attention to protection of the structure below 
and replenishment of the growing medium. 

1 Plants should be checked every 2 to 3 years to determine whether roots have pene- 
trated into the root structure, or are adversely affecting the growth of smaller plants. 
These roots should be cut to slow further growth. 

2 Special attention should be given to pruning trees and shrubs in order to maintain a 
balance between branching and root growth. This will help prevent the overturning 
of top-heavy plants due to strong winds. 

3. All planted areas should annually receive a top dressing, approximately 5 mm (1/4 
in) thick, made up of a mixture similar to the original planting medium 



plants that may be suitable from every cli- 
matic zone in the world (refer to Section 
550; Plants and Planting for additional 
information). 
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Figure €10-35. Techniques for creat- 
ing safety barriers. 
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Figure 610-36. Techniques for 
attaching railings. 
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INTRODUCTION 



The interior landscape designer must 
be mindful that the primary function 
of most interior environments is to 
serve people rather than to grow plants. 
With the exception of facilities specifically 
designed for the display or growth of plants 
(such as greenhouses or conservatories), 
plant materials must be able to tolerate the 
environmental conditions created for 
human comfort. Budgetary considerations 
will often preclude the adaptation of a 
building's environmental systems to accom- 
modate plant needs. However, with minor 
modifications to the physical conditions 
within a building, it is possible to find many 
plants from the tropical and subtropical 
regions of the world that will survive 
indoors in the temperature and humidity 
ranges also comfortable for human activity. 

The "hardscape" aspects of interior 
landscape design and construction, (such as 
paving materials, landscape furniture, pools 
and fountains) are not significantly differ- 
ent than those same elements in the exteri- 
or environment. 

This section will focus primarily on the 
physical needs and requirements of plant 
materials used within interior, climate con- 
trolled spaces. 



2.0 PHYSICAL REQUIREMENTS 
OF PLANTS 



2.1 Light 

Growing plants convert radiant energy 
(from daylight or electric light sources) into 
food. Plants use radiant energy of wave- 
lengths in the 400- to 850-nanorneter (nm) 
range. White light, the visible part of the 
radiant energy spectrum, consists of wave- 
lengths in the 430- to 700-nm range. Light 
for plant growth is typically described in 
terms of intensity, duration, and quality. 

Intensity: 

Intensity of light is a quantitative figure 
typically measured in lux (footcandles), or 
lumens per square meter (square foot). A 
lumen is the specific quantity of light emit- 
ted by a light source without regard to the 
direction of its distribution. A lux (footcan- 
dle) is a quantitative measure referring to 
how much light is being received on a sur- 
face. (Refer to Section 540: Outdoor 
Lighting, for more information on defini- 
tions and principles of lighting.) 

Different plants have varying minimum 
requirements for light intensity (Table 620- 
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Figure 620-1. Response curves for 
the manufacture of chlorophyll. 



Figure €20-2. Temperature range of 
plants. 




Figure 620-3. Height and spread of large materials. 

Quality: 



4). Bnght daylight is typically about 53 500- 
128 400 Ix (5,000-12,000 fc), depending on 
latitude, season, and time of day The aver- 
age working environment in a building 
interior sometimes only receives 535 Ix (50 
fc) or less. 

Duration: 

While research continues to seek the nec- 
essary balance between intensity and dura- 
tion for optimum plant growth, it is appar- 
ent that continuous illumination is not a 
suitable substitute for less than the mini- 
mum required intensity. Plants need periods 
of rest, each species having evolved unique 
preferences for particular photoperiods, the 
relative lengths of lightness and darkness 
affecting the growth of an organism, The 
average photoperiod for plants is 8 to 12 
hours of darkness and 12 to 16 hours of 
light. If only minimum light intensity is pro- 
vided, optimum light duration must be pro- 
vided. 



Light quality refers to the type of radiant 
energy available to plants. Figure 620-1 
shows that plants use radiant energy pri- 
marily from the blue and red ends of the 
visible spectrum. Most electric light sources 
are primarily monochromatic and tend to 
emphasize the yellow-green part of the vis- 
ible spectrum Natural light, which contains 
the entire spectrum of visible light plus 
ultraviolet and infrared wavelengths, is 
ideal for plant growth. However, light pass- 
ing through tinted or reflective glass will 
have its spectral energy distribution altered 
in addition to reducing its intensity. Glazing 
manufacturers can provide the designer 
with data documenting both the spectral 
energy distribution and percentage of light 
transmittance of their products. 

2.2 Temperature, Humidity, and Air 
Quality 

Plant requirements for air typically refer to 
temperature, relative humidity, and air 
quality. 



Time-Saver Standards for Landscape Architecture 



620-3 



Temperature: 

Most plants prefer a stable range of tem- 
peratures, with a drop of no more than 5°C 
(10°F) from daytime to nighttime tempera- 
ture. Tropical region plants generally fall 
into three categories, each with a preferred 
range of temperature: Cool [5 to 15°C (40 
to 60°F) daytime]; intermediate [10 to 
20°C (50 to 70"F) daytime]; and warm [15 
to 30°C (60 to 85°F) daytime] Cold tem- 
peratures 0°C (32°F) or less even for a 
short period, can cause permanent damage 
to foliage. If the temperature of the root 
ball falls below 10°C (50°F). plant growth 
will stop, and plants will die if the temper- 
ature drops below -1°C (30"F) (Figure 
620-2). 

Relative Humidity: 

Tropical plants prefer a relative humidity of 
60 to 90 percent, but many are adaptable 
to the 35 to 50 percent relative humidity 
typical of building interiors. This low rela- 
tive humidity, while drier than most plants 
prefer, is a better range for prevention of 
diseases such as mold or leaf rot. If the 
humidity is ±30 percent or lower, then 
most plants will require greater amounts of 
water. 

Air Quality: 

Plants require carbon dioxide (CO 3 ) to 
complete photosynthesis. Forced air circu- 
lation through building ventilating systems 
helps to maintain ready supplies of CO-' 



and to reduce any excessive buildup of 
heat, but plants can be harmed by hot or 
cold blasts of air. If the flow of air causes 
the leaves to move at excessive velocities, 
damage to the plants is likely. Excessive lev- 
els of pollutants in the air, such as cleaning 
fluids, paints, or petroleum products, can 
have a devastating effect on plant foliage, 
usually turning it black. Plants are most at 
risk from problems relating to poor air 
quality during or immediately following 
building construction, when chemical pol- 
lutants from curing paint or new carpeting 
are most prevalent, and when contracting 
operations such as drywall construction 
create massive amounts of dust. Most inte- 
riors do not have the optimum environ- 
mental conditions necessary for plants to 
regenerate a large amount of damaged 
foliage. 

Recent studies have proven indoor 
plants can reduce, or even eliminate, 
"background" levels of ubiquitous chemi- 
cal pollutants such as benzene, formalde- 
hyde, and trichloroethylene from indoor 
air. They do this by metabolizing these ele- 
ments into non-toxic substances plants can 
use as nutrients. 

2.3 Water 

The amount of water needed by indoor 
plants indoors depends on a variety of fac- 
tors: seasonal fluctuations governing the 
duration of daylight and angle of the sun; 
the size, shape and orientation of windows; 



1 Most common interior plants prefer a stable range of temperatures, with a diurnal 
change of no more than 5"C (10°F). Freezing temperatures may damage foliage or 
kill the plant it the root mass is subject to cold conditions. Avoid plantings over 
unheated and non-insulated spaces such as parking garages. 

2. Many plants are adaptable to the relative humidity typical of building interiors (35 to 
50 percent). While plants in drier climates may require more frequent watering, low 
humidity is better for prevention of mold and diseases. 

3. Blasts of air are likely to damage plant foliage Avoid plantings near outside doors 
and HVAC vents. Most interiors do not have the optimum environmental conditions 
necessary for plants to regenerate a large amount of damaged foliage. 

4. Recent studies have demonstrated that plants can reduce, or even eliminate, "back- 
ground" levels of ubiquitous chemical pollutants such as benzene, formaldehyde, 
and trichloroethylene from indoor air However excessive level of pollutants, com- 
monly occurring during construction, can severely damage plant foliage, usually 
turning it black. 

5. Large trees [3 000 mm (1 ft) or larger) should be allowed at least 3 to 6 months 
during the growing season to acclimate to their new environment, and small materi- 
al [600 mm (24 in) or less] at least 6 to 10 weeks. During this time, the amount of 
light should be gradually reduced. 



the size and amount of a plant's foliage; 
the volume, composition, and porosity of 
the planting medium; the temperature and 
humidity of the interior space; and the gen- 
eral health of the plant. Plants will tran- 
spire rapidly in conditions of high light 
and/or high temperature and/or low 
humidity, requiring more frequent water- 
ing One of the most important reasons for 
regular maintenance is to monitor each 
plant's special need for water. Unsoftened 
water at a temperature between 15° and 
25°C (60° and 80°F) should be used. Plants 
may be grouped according to their water 
requirements in order to simplify mainte- 
nance. Some plants require that their root 
balls dry out to an extent, while others 
require their roots to remain moist or even 
wet most of the time. 

2.4 Planting Medium 

The planting medium, which may or may 
not contain any soil, must accomplish three 
functions: 

1. Allow water and nutrients to reach the 
plant through the roots. 

2. Allow oxygen to reach the roots. 

3. Anchor and give stability to the plant. 
A planting medium should be: 

1. Porous 

2. Easy to drain 

3. Capable of retaining water 

4. Sterile 

5. Low in soluble salts 

6. Lightweight (where needed) 

2.5 Space/Volume 

It is important to know both the existing 
and potential height, breadth, and charac- 
ter of each type of plant in order to mini- 
mize interference not only between plants 
but also with such architectural features as 
columns, bulkheads, stairs, and low ceilings 
(Figure 620-3). With large species of 
plants, this need for adequate room 
becomes critical. A plant whose innate 
form has to be reshaped to accommodate 
architectural features may appear mis- 
shapen and incongruous with its interior 
setting if improperly pruned. It is preferable 
to specify plant materials whose natural 
shape can be maintained either by slow 
growth without pruning, or by standard 
pruning practices. Upper story plants spec- 
ified for two story or tall one story spaces 
should not exceed ■/< the height of the 
space when they are planted. Tall speci- 
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Figure 620-7. Optimum skylight 



Figure €20-4. Daylight through ver- 
tical glazing. 
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Figure 620-5. Effectiveness of day- 
light through vertical glazing 900 mm 
(3 ft) wide by 1 500 mm (5 ft) high (north- 
ern hemisphere). 
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Figure 620-8. Placement of skylights. 



mens leave too little room for growth and 
may block too much incoming light to their 
own inner foliage or to understory plants 
beneath them Palms or other species 
which cannot be pruned should always be 
given adequate vertical space above them 
for future growth. 

2.6 Weight of Plants 

The weight of the plants and their planting 
medium is an important consideration 
when they are a part of the load calcula- 
tions for a structural slab or an upper floor 
planter. The weight of a plant will depend 
upon its age (caliper), height, crown size, 
foliage type and density, and planting 
medium volume and density. The weight of 
the planting medium varies according to 
both the material used and the amount of 
water It contains. A lightweight soil mix is 
given in Section 610: Roof and Deck 
Landscapes, and other qualities of the 
planting medium are covered in Section 
810: Soils and Aggregates. 

2.7 Acclimatization 

Plants being moved from the ideal light 
conditions of a shade house, greenhouse or 
nursery into a building interior must slowly 
be acclimatized to the lower light condi- 
tions. Without this period of adjustment, 
most plants will go into shock, stop grow- 
ing, become weakened, and possibly die. 
The length of time required to acclimatize a 
plant depends on the species, the degree of 
change in light intensity, and the size of the 
plant. Urge trees [3 000 mm (10 ft) or larg- 
er] should be allowed at least 3 to 6 months 
during the growing season to acclimate, 
and small material [600 mm (24 in) or less] 
at least 6 to 10 weeks. During this time, the 
amount of light should be gradually 
reduced to half of the original amount or 
less if needed. 



ater Requirements & Strategies 



1. Plants will transpire rapidly in conditions of high light, warm temperatures, or low 
humidity, and will require more trequent watering. Unsoftened water between 15° 
and 25°C (60 c and 80°F) should typically be used. 

2. Hand watering allows the maintenance technician to tailor the watering needs to the 
individual plants and particular environmental conditions. However, it is extremely 
labor intensive, requires that all plants be accessible, and will result in the gradual 
compaction of planting medium due to continuous top-watering 

3 Subirrigation may be used to reduce the frequency of watering, avoid the gradual 
compaction of planting medium, and deliver water to the root system as needed, as 
opposed to the flood/drought/flood cycle of hand watering 

4 Drip irrigation or other automatic systems may be used to water inaccessible plants 
and minimize labor requirements. However, they are expensive to install, may be 
prone to vandalism and require monitoring for seasonal adjustments Automatic sys- 
tems are most successful if species with similar water needs are planted in groups. 
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2,8 Maintenance 

The main purpose of plant maintenance is 
to meet all the physical requirements of the 
plants on a continual basis. Specific mainte- 
nance tasks include the supplying of water 
and fertilizer, the control of insects on an 
as-needed basis, and pruning. The quality 
of maintenance will often be the primary 
factor in determining the actual versus 
potential life of the plants. 



3.0 TECHNIQUES TO MEET 
PHYSICAL REQUIREMENTS 



3.1 Light 

Light can be provided either from daylight 
or electric light. Daylight is preferable 
because it provides a greater spectrum of 
the radiant energy needed by most plants, 
and is generally provided more diffusely 
than electric light. Diffused light is prefer- 
able to light from a point source because it 
allows better light penetration to the inner 
foliage of a specimen, as well as better light 
penetration through upper story specimens 
into the plants below. However, where day- 
light is insufficient in quantity or duration 
(due to the season or the time of day), elec- 
tric light is often an essential supplementary 
source, or the sole source, of light for plant 
growth. 

Daylight: 

Daylight refers to the sum of direct sun- 
light, reflected sunlight, and (on overcast 
days) skylight. Daylight can be admitted 
into interior landscapes through windows, 
clerestories, or skylights. 



Table 620-1. RECOMMENDED LIGHT SOURCES 



3 m (10 ft) and less 



3.0-4.5 m (10- 15 ft) 



4.5 m (15 ft) and greater 



Daylight vertical glazing.skylights 
Cool-white fluorescent 
Natural-light fluorescent 
Mercury lamp low wattage 
Incandescent 

Daylight: vertical glazing, skylights 

Quartz-metal halide combination 

High-pressure sodium lamp (only for plant lighting) 

Metal fiafide lamp. phosphor-coated 

Mercury lamp, deluxe-white 

Mercury lamp, warm deluxe-white 

High-pressure sodium (color-rendition a design factor) 

Quartz-halogen lamp 

Incandescent 

Daylight: vertical glazing, skylights 

Quartz-metal halide combination 

High-pressure sodium lamp (only for plant lighting) 

Metal halide lamp, clear 

Metal halide lamp, phosphor-coated 

Mercury lamp, deluxe-white 

High-pressure sodium (color rendition a design factor) 

Quartz-halogen lamp 

Incandescent 



Windows and Clerestories: 



Windows and clerestories are only about 
one-third as efficient in admitting light as 
the overhead horizontal or angled openings 
of skylights (Figures 620-4 and 620-5). 
Window efficiency is determined by its size, 
the orientation of the opening, and the 
type of glazing. In the northern hemi- 
sphere, the effective area for plant growth, 
given a southerly solar orientation, is equal 
in depth only to the height of the window, 
assuming that the plants are located at sill 
height. 

Skylights: 

Skylights have the advantage of encourag- 
ing plants to grow upward toward the light 



1 . Light in typical building interiors is seldom of sufficient intensity to sustain most 
plants without skylights or supplemental electrical lighting Table 620-1 lists possible 
light sources in order of preference. . 

2. Continuous illumination Is not a suitable substitute for low light intensity, as plants 
require periods of light and dark (photoperiods). The average photoperiod for plants 
is 12-16 hours of light, and 8-12 hours of darkness. 

3. Natural light is ideal for plant growth, however tinted or reflective glass will alter its 
spectral energy and intensity. Glazing or artificial light sources should provide radiant 
energy from the blue and red ends of the spectrum (Figure 620-1). 

4 Windows and clerestories are only about one-third as efficient in admitting light, as 
skylights In the northern hemisphere, the effective area for plant growth in south- 
facing windows is equal in depth to the height of the window (Figure 620-5). 

5. A mix of east and west-facing skylights typically provide the best balance of light for 



(Figure 620-6). If skylights are included as 
part of the building design for the purpose 
of providing daylight for interior plants, 
then there are a number of important con- 
siderations for maximizing their effective- 
ness: 

t Location: skylights and plants are 
more effectively related if they are not 
aligned in plan but aligned for the 
angle of the sun to hit the plants. 

2. Orientation: in the northern hemi- 
sphere, north facing skylights are only 
minimally effective in terms of the 
intensity of light penetration, but 
large areas of north-facing skylight 
can provide reasonable levels of well- 
diffused light. South facing skylights 
(east-west axis) can provide too much 
direct light and cause a one-sided 
plant growth, but they are a good 
source of reflected light. A mix of east 
and west facing skylights (north- 
south axis) provides a better balance 
of light (Figure 620-7). 

3. Details: the design of a skylight sys- 
tem that will admit the maximum 
amount of light possible is as follows: 

a. Bulkhead: a minimal distance from 
ceiling to skylight frame will permit 
a more direct path for the daylight. 
Light-colored walls surrounding the 
bulkhead will increase the amount 
of reflected light (Figure 620-8). 

b. Ceiling opening: if the ceiling open- 
ing is larger than the skylight open- 
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Table 620-2. CHARACTERISTICS OF ELECTRIC LAMPS 



Characteristics 


Tungsten, 
halogen, and 
incudMcent 


Fluorescent 


Mercury vapor 


Metal lialide 


High-pressure 
sodium 


sodium 


Lumens per watt 


6-23 


25-100 


30-63 


68-125 


77-140 


137-1B3 


Lumens 


40-33 600 


96-15 000 


1 200-63 000 


12 000-125 000 


5 400-140 000 


4 HOO-33 00C 


Lumens per watt 


75-97 


75-91 


70-66 


73-83 


90-92 


75-90 


maintenance 














Wattaee ranee' 


6—1 500 


4-215 


40-1 000 


175-1 500 


70-1 000 


35-180 


Life 


7 50-8 000 


9 000-20 000 


1 6 000-24 000+ 


1 500- 1 5 000 


20 000-24 000 


i H < !' « I 


Color temperature 


2 400 


3 100 


1 till 1 1 I- 1 \l 1 


i 900 


1 1iv\ A inn 
l /00-*4 /(Kj 


inn 1 "7 On 

2 10O-1 780 


Color rendition' 


95-99 


55-95 


22-52 


65-70 


21 





Color breadth of application 


Good 


Good 


Fair 


Good 


Fair 


Poor 


Control 


Excellent 


Poor 


Fair 


Fair to good 


Good 


Poor 


Initial Cost (per lamp) 


Low 


Moderate 


Moderate 


High 


High 


Moderate 


Operational cost (power) 


High 


Moderate 


Moderate 


Low 


Low 


Low 


Breadth of application 


Wide 


Wide 


Medium 


Medium to wide 


Narrow 


Narrow 



•Percentage of output in lumens during lite of the bulb. 
• Lumens. 

Source. Courtesy of GTE Syiviriia Lighting Products 
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ing, the area influenced by the 
brightness from the skylight will be 
extended. 

Glazing Materials: 

The glass or plastic used in windows or sky- 
lights will have varying properties of light 
transmittance, absorption and reflection. 
The pre-construction calculations should 
include daylight figures which take into 
account the type of glazing material and 
the amount of light it will transmit. This 
information is available from all manufac- 
turers of glass and plastic. The range varies 
from clear glass at 84 percent transmission 
to double-glazing with bronze tint at 18 
percent transmission (Refer to Section 870: 
Class, Plastics, and Fabrics, for more infor- 
mation on the types and properties of glass 
and plastic for glazing purposes.) 

Electric Light: 

Normally, electric lighting should be treated 
only as a supplement to daylight. Electric 
light has the advantage of being flexible 
and can therefore achieve good light distri- 
bution over plants at optimum lux (foot- 
candle) levels by varying the location, 
quantity, and type of fixtures used. The 
beamspread of lamps should be considered 
in the design of lamp spacing. Uplighting 
will not contribute significantly to plant 
growth, and close proximity of uplights to 
foliage can burn the foliage or heat the root 
mass enough to cause damage. 




Figure 620-9. Air circulation problems. 

Table 620-1 shows the recommended 
lighting sources for plants. They are listed in 
order of priority based on plant growth effi- 
ciency, color rendition preference, and 
energy efficiency. Table 620-2 gives data 
on the characteristics of electric lamps, and 
Table 620-3 gives information on the suit- 
ability of various lamps for plant growth. 

3.2 Air 

Providing plants with proper above ground 
and in-ground temperatures is important 
and should be considered during the con- 
ceptual stage of any building design (Figure 



620-9). In temperate climates, the follow- 
ing locations should be avoided: 

1. Plantings over unheated spaces such 
as parking garages because root balls 
need protection from low tempera- 
tures, unless the planting medium is 
insulated sufficiently to keep root 
mass temperatures above 15 D C (60°F) 

2. Plantings near outside doors because 
drafts are difficult to control 

3. Plantings immediately adjacent to 
heating and air-conditioning supply 
vents because air temperature and 
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Table 620-3. LAMP SUITABILITY FOR INTERIOR PLANT LIGHTING 



Type, of 



Incandescent and tungsten 
halogen 



Fluorescent 



Mercury 



Metal halide 



High-pressure sodium (HPS) 



Low-pressure sodium (LPS) 



Lamps produce high amounts of infrared energy, which 

increases the transpiration rate in foliage They have a high ratio of red to 

blue energy, which causes long internodes and spindly growth. 

Cool-white and warm-white lamps are deficient in the red and far-red 
wavelengths. Add 10 to 20% (by wattage) of incandescent lamps to pro- 
mote more normal growth responses. Standard Gro-Lux and wide spec- 
trum Cro-Lux provide a balance in the red. far-red. and blue regions of 
the spectrum for optimum plant responses. 

Of the lamps in the mercury family, bright-white deluxe lamps provide 
Ihe best light characteristics for plant growth 

Coated metal halide (Metalarc -coated) lamps provide the best light char- 
acteristics (red, far-red, and blue wavelengths) of all high-energy dis- 
charge (HID) lamps These are especially suitable for totally enclosed 
growth areas, such as growthtooms and Interior landscapes. 

These lamps distort colors of ornamental plants because of insufficient 
blue wavelength emissions Therefore, they should not be used alone for 
lighting interior plants. HPS lamps are useful to supplement natural day- 
light (sunlight). 

These lamps are poor sources of light for interior plants because they are 
monochromatic, emit light in the yellow wavelength, and give poor color 
renditions. 



Source Adapted from a table prepared by Chlistos Mpdkas. Plant Pathologist. CTE Sylvana fighting Product 



movement normally exceeds the tolerance 
of most interior plants 

It interior landscape design is studied in 
both plan and section as well as coordinat- 
ed with the mechanical systems involved, 
then such problems as the following can be 
avoided: 

1. Plants located in dead -air corners 

2. Plants located againsl glass walls with 
no mechanical system to modify 
extremes in temperature 

3. The tops of large plant material or 
hanging plants located in the poorly 
conditioned zones near high ceilings 
and in multistory spaces 

3.3 Water 

The two fundamental melbods of watering 
plants are hand watering and automatic 
system watering Many techniques are 
used that vary and combine these two 
basic methods. 

Hand Watering: 

Hand watering is a popular technique 
because its main advantage is the ability to 
tailor the watering needs to the individual 
plants and particular environmental condi- 
tions, including seasonal changes in the 
water requirements of plants. 

Tools and facilities needed for hand 
watering include: 

1 Hose bibbs or box hydrants conve- 



nient for use with 15 m (50 ft) hoses. 

2. Access to a sink for a watering cart. 
The sink should have a threaded hose 
faucet and at least a 600 mm (24 in) 
clearance from faucet to sink or floor 

3 A hot-and-cold water mixer faucet. 

4. A wand used to water hanging bas- 
kets or hard-to-reach ledges. 

5. Water carts and watering cans of 
assorted sizes. 

6. Custom-designed equipment for spe- 
cial situations. If such equipment is 
needed, it typically must be stored in a 
lockable closet within the building 

Three disadvantages of hand watering 
are: 

1 It is labor-intensive. 

2 All plants must be accessible 

3. The soil will gradually compact over 
time from continuous top-watering. 

One variation on hand watering which 
continues to gain popularity is subirriga- 
tion, a system in which reservoirs are placed 
beneath the planting medium (Figure 620- 
10). Water loaded into the reservoir by 
hand is drawn out by capillary action into 
the planting medium, using wicks which 
vary in composition by the manufacturer. 
Advantages to subirrigation are: 

1 Depending on the size of the reservoir, 
it is possible to reduce the frequency 



of watering, the single most time-con- 
suming task of an interior landscape 
maintenance technician. 



2. The planting medium will not com- 
pact, because water is drawn from 
below. 

3. With the proper planting medium, 
water will be provided to the root sys- 
tem as needed, as opposed to the nor- 
mal flood/drought/flood cycle of 
hand watering. 

Automatic Systems: 

Most irrigation systems for exterior land- 
scapes (such as spray or impact rotor) are 
technically possible for interiors but may 
have one or more of the following disad- 
vantages: 

1 . They are expensive to install 

2. The components may be prone to 
vandalism 

3 The system is often ill-suited to the 
different watering requirements of any 
multi-variety plant palette. 

4. The system needs to be monitored for 
seasonal adjustment and for adjust- 
ments required by temporary changes 
in growing conditions 

5 Interior plants, even species with rela- 
tively high watering requirements, 
need far less water than exterior 
plants, and it can be difficult to adjust 
automated systems to provide very 
low water delivery rates. 

One popular exterior system that can be 
successfully adapted for indoor use is drip 
irrigation. Drip systems solve two of the 
more significant problems of spray or 
impact rotor systems by delivering very low 
quantities of water to precise locations. 
However, it is still subject to the other dis- 
advantages of automated systems. 

The main advantages of an automatic 
system are that plants in inaccessible loca- 
tions are often more easily reached, and 
once an automated system is balanced, it 
requires less labor than a non -automated 
system. An automatic system may also be 
advantageous if plants with similar water 
needs are planted in groups. The near 
future may provide the advent of a sensor- 
controlled drip irrigation system that pro- 
vides water delivery on an as-needed basis. 
Such a system, while continuing to be more 
expensive than a manual system and still 
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SIPHON TUBE 1 




Figure €20-12. Bask components of a tree pit. 

SIPHON TUBE- 
TREE GRATE ■ 




Figure 620-13. Optional features of a tree pit. 
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CONTAINER , 

PLANTING 

SOIL SEPARATOR. 




MAXIMUM WATER LEVEL 
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Sand: Has poor water holding capacity. 
Weight: 1600 kg/m J (100 lb/ft'). 

Shredded bark: Pine bark is best: hardwood 
is good. Both have good water holding 
capacity 

Vermiculite: A soil additive made of 
expanded mica. It contains some nutrients 
and has good water holding capacity. It 
breaks down under sterilization and there- 
fore cannot be used repeatedly Weight: 95 
to 130 kg/m<(6 to 8 lb/ft 3 ). 

Perlite: A soil additive made of siliceous 
volcanic rock. It contains fluoride, which 
will damage some plants. It has good 
porosity and some water holding capacity. 
Because it does not deteriorate, it can be 
re-sterilized and reused. Weight: 95 to 130 
kg/m' (6 to 8 lb/ft 5 ). 

Calcined day: A soil additive made of fired 
clay particles. It retains water and can be 
reused. 



Stymfoam particles: A soil additive made of 
plastic. It holds no water, increases the 
porosity of the mix. and disintegrates under 
sterilization, therefore, it cannot be reused. 

Soil mixtures normally consist of 20 to 
30 percent soil and 70 to 80 percent soil 
additives (see Figure 620-11). Mixtures 
without soil use variations on the following 
proportion: 

V < sand 

'/% shredded bark 
7 3 soil additives 

3.5 Construction Details 

Tree pits and built-in planters for interior 
plantings have some features that distin- 
guish them from exterior plantings. 

1 . The need for a tree pit (with sides and 
a bottom) should be determined after 
investigation of existing conditions of 



Figure 620-10. Planter with reservoir. 




L DRAINAGE MATERIAL AS FILTER 



Figure 620-11. Necessary soil depth. 

subject to vandalism, would resolve all the 
other concerns regarding automated sys- 
tems, and provide a substantial reduction 
to the cost of maintaining an intensively 
planted interior landscape. 

3.4 Planting Medium 

The ingredients used in a planting mix will 
depend on their availability, on weight 
restraints, and on the needs of the particu- 
lar plants. Soil and non-soil mixtures may 
contain various proportions of the follow- 
ing ingredients and have the indicated 
weights per cubic meter (cubic foot): 

Topsoil: Sandy loam, uniform in composi- 
tion and free of debris. Weight: 1600 
kg/m* (100 lb/ft') 

Peaf: Has good water holding capacity, but 
does not compact readily. Weight: 130 to 
160 kg/m J (8 to 10 lb/ft 3 ). 
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Figure 620-14. 
planters. 



Features of built-in Figure €20-15. Siie comparison of interior plants. 



the soil, underground springs, and draining 
ability (Figure 620-12). 

2. Insulation may be necessary if the tree 
pit is above an unheated space in 
temperate climates, such as a parking 
garage. Heating coils might also be 
necessary to maintain the root ball 
temperature above 15"C (60° F), 

3. Drains should be included whenever 
possible and appropriate. A siphon 
pipe can be used to check the viabili- 
ty of the drain or to check the water 
retention in the absence of a drain 
(Figures 620-13 and 620-14). 

4 A scupper around each tree pit will 
serve to catch toxic floor cleansers 
and waxing liquids. 

5. When hose bibbs and electrical junc- 
tion boxes are included in tree pits or 
planters, they should be located to 
the sides, away from where the major 
plants are located. 



6. Planters should be waterproofed if 
they are surrounded by a fountain. 
Water from a fountain may contain 
chemicals harmful to plants. 



4.0 DESIGN PROCESS 



The following considerations and proce- 
dures are offered as guidance on projects 
involving the design and construction of 
interior landscapes. The steps in this proce- 
dure focus on the use of plants inside build- 
ings. 

1 . Review the expected role of the inte- 
rior landscape with the client and the 
design team working on the project. 
Determine whether it is to be a major 
statement or a background comple- 
ment to the building. 

2. Based upon its role, determine the 
environmental needs of the interior 
landscape as early in the design 
process as possible. 



1. The planting medium may or may not contain soil, depending on the physical 
requirements of the plant, availability of ingredients, or weight restraints. 

2. Soil mixtures normally consist of 20 to 30 percent soil and 70 to 80 percent soli 
additives (see Figure 620- 11) Mixtures without soil use varying combinations of 
sand, shredded bark and soil additives. 

3. Tree pits and planters should provide mulch to retain moisture, planting medium, 
fabric separator and a drainage layer (Figure 620-12) A drain pipe should also be 
provided whenever possible. Insulation may be needed if placed above an unheated 
space in temperate or cold climates (Figures 620-13 and 620-14). 

4. Tree pits and planters should prevent harmful toxins from entering the planting 
medium. Planters placed m pools or fountains should be waterproofed, and scuppers 
should be used around at-grade pits to catch toxic floor cleansers and liquids. 



. Determine the sizes of the largest 
plants so that sufficient space can be 
provided without interference from 
columns, stairs, and similar major ele- 
ments of the building. The structural 
engineer needs to know where the 
major plants will be placed and 
whether they will be put into tubs sit- 
ting on the floor slab or put into pits 
set into the floor. 

. Plants should be located to minimize 
unnecessary physical contact with 
people, but access to all plants for 
maintenance purposes should be pro- 
vided 

. Plants should be selected that will sur- 
vive under the expected levels of light 
but will not outgrow their space in a 
short time. (Note that in most cases, 
plants in interior spaces grow very 
slowly if at all after they are installed ) 

. All constructed elements, such as 
built-in planters and watering and 
drainage systems, should be coordi- 
nated with the overall design of the 
building. 

. If possible, select contractors who 
have prior experience with interior 
plantings. 

. Select and tag all large and specimen 
plant materials far enough ahead of 
time to allow the plants to be accli- 
matized in some reliable way before 
they are installed. 

. All of the interior landscape's environ- 
mental systems (lighting, water, air 
handling, etc.) should be tested and 
working before any plants are 
installed. Responsibility for alternative 
solutions should be established in 
advance in case any system fails. 
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10. Maintenance should begin at the 
time of installation. 

11. Access from the outside of a building 
to interior locations where the plant- 
ing is being done should be provid- 
ed. For example, a 750-L (200-gal) 
plant will require an opening at least 
2 400 mm (8 ft) square in order to 
enter a building. There is also the 
need for a long-term access route if 
major plants have to be replaced. 



5.0 PLANT PALETTE 



5.1 Design Objectives 

1 . A feeling of transition from exterior 
space to interior space should be cre- 
ated. 

2. A proper sense of scale should be 
given to large interior spaces. 

3. Different functions should be separat- 
ed physically and visually. 

4. Architectural forms should be comple- 
mented with plants primarily through 
contrast in form, texture, and color. 

5.2 Character of Interior Plants 

Size: 

Interior plants can be grouped by the fol- 
lowing categories of sizes: groundcovers. 
small understory, large understory, upper 
story (trees and palms), and vines and 
hanging plants (Refer to 5.4 Commonly 
Used Plants in this section for height ranges 
in each of these categories). 

Many plant species can be used in more 
than one category, depending on their par- 
ticular size and habit of growth. The height 
and spread at the time of planting becomes 
very important because most plants will not 
continue to grow significantly, once plant- 
ed indoors, unless given more than their 
minimum light requirements. Detailed 
height and spread information is available 
in the United States from growers through 
the Associated Landscape Contractors of 
America (ALCA) guide (see the References 
at the end of this section). Normal size 
ranges are shown on the scale in Figure 
620-15. 

Growth Habit 

Growth habit refers to the distribution of 
foliage on a plant and the character of its 
trunk or trunks Plants for interior land- 
scapes can be selected that have a wide 
variety of growth habits from stems or 
trunks that are single, multiple, straight, or 




PHOENIX 
ROBELENII 



f) ct » SPATHIPHYLLUM BRACAENA BRAS5AIA BRACAENA 

MAUNA10A' FRAGKANS ACTINOPHYLLA MARGINATA 



DOUBLE BTAMPARP CLUMP CANE MULTI-STEM SCULPTURED 



Figure 620-16. Various growth habits of interior plants. 
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Figure 620-17. The textural range of interior plants. 





A. FREESTANDING 



C. PENETRATING 





9. ABUTTING 



D. ENCLOSED 



E- CONNECTING 



Figure 620-18. Building prototypes with interior landscapes. 
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Figure 620-19. Plants as part of a total interior landscape composition. 
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Figure 620-20. Brassaia actinophytta. Figure 6 2 - 2 1 . Ficus benjamina (stan - Figure 62 0-2 2 . Ficus benjamina (mul - 

titrunk). 

EFFECTIVE WIDTH 




Figure 620-23. Ficus retusa nitida. Figure 620-24. Phoenix canariensis. Figure 620-25. Ptychosperma elegans 

(single). 
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Figure 620-26. Large understory specimens. 
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Figure 620-27. Small understory specimens. 



1. Table 620-4 lists the environmental requirements of a number of species common to 
North American interior landscapes. Selection of plant materials is based on these 
requirements and the design objectives. 

2. It is preferable to specify plant materials whose natural shape can be maintained 
either by slow growth without pruning, or by standard pruning practices {see Figures 
620-20 through 620-27 for the size and shape of commonly used plants>. Upper 
story plants specified for well-lit two story or tall one story spaces should not exceed 
2/3 the height of the space in when they are planted, to insure adequate room for 
growth (Figure 620-3). 

3. Size at the time of planting is very important because most plants will not continue 
to grow significantly, unless given more than their minimum light requirements. 
Sufficient access from the outside of a building to interior landscapes must be pro- 
vided. 

4. Texture and color are important design considerations, often highlighted by empha- 
sizing contrasts between various species. Foliage is typically the primary source of 
color, as flowers usually require high levels of light and plants must be frequently 
rotated. 

5. A number of commonly used building prototypes for interior landscapes have been 
developed based on architectural and lighting requirements (Figure 620-18). Plants 
are often massed and complimented with water features, landforms and rocks within 
these landscapes to counterbalance the more dominant architectural forms, 



curved (Figure 620-16), and from branch- 
ing structures such as oval, pyramidal, fasti- 
giate, lollipop, sculptured, braided, weep- 
ing or topiary. 

Texture: 

Tropical plants are particularly versatile in 
terms of texture, given their wide range of 
leaf sizes. The juxtaposition of plants with 
widely different textures is one of the char- 
acteristics associated with creating a tropi- 
cal appearance (Figure 620-17). Foliage 
textures range from the fine lacy delicacy of 
a Maidenhair Fern to the coarseness of a 
Bird-of-Paradise's huge leaves or the many 
lobes of a Selloum Philodendron. Many 
trunks and stems also give a feeling of tex- 
ture, from the smooth trunk of the Ficus to 
the coarse trunk of some of the palms. 

Color; 

Flowers are the source of color for most 
plantings, but flowering typically requires a 
high level of light, and plants must be 
rotated every 3 to 4 weeks. A wide range 
of colors is available via plant foliage, how- 
ever, including a range of greens (dark to 
light), yellow-greens to blue-greens, and 
variegated varieties (light and dark mark- 
ings). Color variation is sometimes high- 
lighted, as with texture, by placing plants to 
emphasize the contrasts. 

5.3 Design Suggestions 

1. The need for high levels of light, par- 
ticularly natural light, and the use of 
glass-enclosed spaces to achieve a 
transition from exteriors to interiors 
have resulted in a few common iden- 
tifiable architectural and interior land- 
scape prototypes (Figure 620-18) 

2. Plants should be grouped into mass- 
ings as a counterbalance to the more 
dominant architectural forms. 
Although a matter of subjectivity, 
most interior planting designs cannot 
function effectively as part of the 
overall design unless they are dramat- 
ic in quantity, size, and arrangement 
(Figure 620-19). 

3. Regional differences and styles in 
design can be achieved by selecting 
plants based on their character, size, 
and texture, and by the manner in 
which they are composed. The char- 
acter of a temperate, tropical, or arid 
exterior landscape can be replicated 
indoors through the choice and use of 
various plants and construction mate- 
rials. Also, the use of specimen plant- 
ings can make a design especially dis- 
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tinctive. The style of planters can also 
set a tone or establish a particular 
character. 

4. In addition to plants, other landscape 
elements, such as water features, 
landforms, and rocks-can be used to 
help create a variety of landscape 
effects. 

5. Given the relatively low light condi- 
tions in typical interior settings [1 600 
lx (150 fc) or less], most interior plants 
will usually not flower [Spathiphyllum 
is one exception that will flower at 
1 070 lx (100 fc) or greater]. For per- 
manent color in the design, therefore, 
plants grown specifically for their 
flowers should be used. Flowering 
plants will need to be changed 
approximately every 2 to 6 weeks, 
depending on their species and the 
amount of light and water they 
receive, if the flowers are to remain 
fresh in appearance. A flower selection 
schedule should be established and 
coordinated with whatever materials 
are available locally. 

5.4 Commonly Used Plants 

Size Categories: 

Interior plants are typically categorized 
according to the following sizes: 

1 . Trees: 1 500 to 75 000 mm (5 to 25 ft) 
or more 

2. Large understory: 900 to 1 500 mm 
(3 to 5 ft) 

3. Small understory: 300 to 900 mm 
(1 to 3 ft) 

4. Groundcover: less than 300 mm (1 ft) 

5. Vines and hanging plants. Not catego- 
rized by size 

Plant List: 

Figures 620-20 through 620-27 show vari- 
ous plants that have proved to be viable as 
interior plants and are readily available in 
North America. Many other species and 
additional varieties exist that may be as 
good or better for specific purposes 
Designers are urged to keep alert to new 
plants and to explore new ways to use 
other familiar plants. 

Environmental Conditions: 

The number of plants available to the 
designer increases dramatically as the phys- 
ical requirements of plants (particularly 
light) are optimized. Table 620-4 gives 



information on the range of environmental 
conditions that various plants require. 
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Table 620-4a. LIGHTING USE REQUIREMENTS FOR COMMONLY USED PLANTS — TREES 
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Table 620-4b. LIGHTING USE REQUIREMENTS FOR COMMONLY USED PLANTS — LARGE UNDERSTORY 
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* 








• 








H.J \ 1 f) 




Chamaedorea Seifrtzii. 
reed palm 
















* 




IU *4.TJ \ 1 J J 




Chamaerops humttis, 
European fan palm 








* 










• 


Tn (J[i1 




Chrysalidocarpus futescem, 
butterfly palm (Areca palm) 




















To 7 5 (25) 




Cibollum schiedes, 
tree fern 




















To 4.5 (15) 




Cycas tiranah*,. 
fern palm 






* 




■ 




* 






10 3-0 (, IZJ 




Cycas revolula. 
sago palm 






• 




• 




■ 










Didnoma tibrtxa, 
golden treefern 






» 












* 


To 6 (20) 




Dieftenbachia amoena, 
giant dumbcane 




* 








• 


• 






To 1.8 (6) 




Diefienhachia Tropic Snow,' 
tropic snow dumbcane 




■ 








• 


• 






To 1.8 (6) 


• 


Dizygotheca elegantissima, 
false aralia 
















* 




To 7.5 (25) 




Dracaena defemensis 
'Janet Craig.' 
lanet Craig dracaena 












• 






■ 


To 1 5(5) 


* 


Dracaena deremenns 
'Warneckii,' 
Warneckii dracaena 




• 








■ 






■ 


To 1 5 (5) 


■ 


Dracaena fragrans 
'Massangeana,' 
coin plant 




■ 








* 






• 


To 6 (20) 


■ 


Dracaena marginata, 
Madagascar dragon tree 




* 














• 


To 6 (20) 


■ 


Draeotna teflexa angustitolia 

(Pleomele) 

Malaysian dracaena 




• 








* 






• 


To 6 (20) 


■ 


Howeia iorslcrana, 
kentia palm 




» 












• 




To 4 5 (15) 


• 


Phoenix roebetenii. 
dwarf date palm 












m 








To 3.6 (12) 




Polysaas truticose, 
Ming aralia 








■ 




• 




* 




To 3.6 (12) 




Rhapsia excelsa, 
lady palm 






■ 




• 








• 


To 6 (20) 




Spatlnphylium 'Mauna Loa,' 
Manna Loa peace lily 


• 


I 








• 






* 


To 1.5 (S 


• 


Vucca elephantipes. 
spineless yucca 








■ 


• 






• 




To 6(20) 
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TABLE 620-4C. LIGHTING REQUIREMENTS FOR COMMONLY USED PLANTS — SMALL UNDERSTORY 



CD 

% 

in 
-D 
C 

5 



O 
fN 
V£> 



Aglaonema commotatum. 
vanegated Chinese 
evergreen 

Aglaonema 'Framher, ' To 
Fransher evergreen 

Aglaonema 'Malay Beauty' 

('Pewter'), 

pewter aglaonema 

Aglaonema 'Parrot lungle, ' 
parrot jungle evergreen 

Aglaonema 
'Pseudo-bracteatum. 
golden evergreen 

Aglaonema 'Silver Queen. ' 
silver queen evergreen 

Asparagus piumosus, 
fem asparagus 

Asparagus sprengeri. 
fem asparagus 

Aspidistra elatloi, 
cast-iron plant 

Aspienmm nidus, 
bird's nest fern 

Chamaedorea e/egans, 
Neanthe Bella palm 

Codiaeum X Karen, 
croton 

Dieftenbadva X Exotica, 
dumbcane 

Dracaena deremensis 
lanet Craig'Compacta, 
dwarf Janet Craig dracaerta 

Fatsta iaponica, 
Japanese fatsia 

Nephrotepis exaltata 
'Bostoniensis, ' 
Boston fern 

Pbilodendron selloum, 
saddle-leafed philodendron 

Polypodium aureum 
Mandaianum. ' 
blue hare'5-foot.fern 

Polyscias batfouriana, 
Balfour a rail a 

Sansevieria trilasciata laurentii. 
snake plant 

Spatiuphylium 'Clevelandu, ' 
Cleveland peace lily 

Spathiphyllum wallisii, 
white flag 

Spathiphylltim Mauna 
Loa Supreme,' 

Mauna Loa peace lily supreme 

Zamia furturacea. 
Jamaica sago tree 



LIGHT 



5 



I ft 75-100 tt 200 U 500 ft 



TEMPERATURE (F) 



MOISTURE 



Cool, mediate Warm, 

0' 50-70' 6I-8S* Dry 
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Table 620-4d. LIGHTING REQUIREMENTS FOR COMMONLY USED PLANTS-GROUNDCOVER, VINES, AND HANGING PLANTS 







LIGHT 




TEMPERATURE (F> 


MOISTURE 


USE 


common name 


Low, 
SO h 


Afl Erdl IJ IT), High, 
75-10* 200 
ft h 


Very 

SOO 

fc 


Inter- Wafin, 
Cool mudHtc, 02-85 


Dry Mailt: Wet 




Anansa conmsus far/egafes. 
variegated pineapple 




• 




■ 


* * 






Asparagus plurnosum, 
tern asparagus 




• 




* 








Asparagus sprengen, 
fern asparagus 




• 




■ 








Chlorophylum comosum Vaiiegatum,' 
vdfiegdieo spiaer piani 




* 




■ 




ft 




Cissus anturctica. 
kangaroo vine 




* 




• * 


■ * 




« 


Gssus tbombilolia Mandaiana, ' 
grape ivy 




■ 




• • 


• • 


• 




Gssus rhornbi folia '[lien Danica, ' 
tJtiMc.ii grape ivy 




• 




• * 


• • 


• 




Crytammm fmcatum. 
nuiiy iern 


• 






• 




* 


• 


Eptpiemmsm atireum, 

at \ \tir-ri Prithrtt 
jiUIULrl ruuius 


■ 






• 


• 




• 


Fatshedera Itiei, 'Pia, ' 

alalia ivy 






* 


■» * 


• 




• 


ficus pumila, 
creeping tig 




• 




• 






• 


Hedera canadensis, 
Algerian ivy 






* 


* ■ 


* 


• 


t 


Hedera helix, 
English ivy 






* 


* ■ 


• 


• 


■ 


Hoya carnosa, 
Indian rope plant 




• 




* 


* 




■ 


Liriope moscan. 
monkey grass 




• 




• • 


• 


■ 




Maranta ieuconeura caroknae 

Kerchoviana, 

prayer plant 




* 




■ 




• 




Monslera deliciosa. 
nAexican ureanrruit 




■ 




• 




• 




Neoregelta Carolina? 'Tricolor, ' 
tricolor bromeliad 




■ 




■ 




• 




Nephrolepsis exaltata 'Bostoniensis, ' 

tint t <-bn I ri 

ciosion Tern 




■ 




• 


• 






Phthdendron oxycardtum, 
neameai pnuooenaron 




• 






• 




* 


Phllodendron panduraeforme, 
fiddleleaf phllodendron 




« 






• 




i 


Piatycenum bifurcatum. 
staghorn fem 




■ 




» ■ 


■ 






Sdrise^er/.? Irilasciala 'Hahnii, ' 
bird's nest snake plant 


• 


■ ■ 


• 


• • 




• 




5tep/iano/is flonbunda. 
Madagascar jasmine 




• 










• 


iyngonium podophyllum Woar.* White, ' 
Noack White ncphthytis 




• 




• 




• 




Tradescanha fluminensis. 
wandering Jew 








■ 


• 







USE iHANC'Nt/ SL2ER*NCE 



Hang/ Size range 



To 6 (2) 
To .9 (3) 
To .9 (3) 
To 6 <2) 
To .9 (3) 
To .9 (3) 
To .9 (3) 
To 6 (2) 
To .9 (3) 
To .9 (3) 
To .6 (2) 
To 9 (3) 
To .3 (1) 
To .9 (3) 
To .3 (1) 

To 25 (.75) 
To .9 (3) 
To .3 (1) 
To .6 (2) 
To .9 (3) 
To .6 (2) 
To 9 (3) 
To 15(5) 
To .9 (3) 
To .6 (2) 
To . 15 (.5) 
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1.0 INTRODUCTION 



A disturbed landscape is any portion of 
land surface that has been drastical- 
ly altered and is not in an attractive, 
stable, or productive condition. Disturbed 
lands are extremely vulnerable to erosion, 
and they may have surfaces unsuitable for 
plant growth because of compaction, 
steepness, stoniness, infertility, phytotoxic 
chemicals, acidity, alkalinity, or instability. 
Floods, fire, volcanic eruption, agriculture, 
mining, highway construction, overuse, 
and land development are examples of nat- 
ural events and human activities which cre- 
ate disturbed landscapes. 

1.1 Problem of Erosion 

The impact of a particular land disturbance 
is rarely limited to the altered site. Soil ero- 
sion is inevitable on disturbed landscapes 
and will significantly affect downstream 
waters. The U.S. Environmental Protection 
Agency (EPA) reports that sediment yields 
from areas undergoing construction are 20 
to 40,0X30 times greater than from undis- 
turbed woodlands. Each year in the United 
States. 3 600 billion kg (4 billion tons) of 
soil erode from the land. Sediment 
accounts for more than 2 /3 of all pollutants 
entering U.S. waterways. Estimates indicate 
up to $13 billion per year is spent in the 
U.S. to directly mitigate the off-site impacts 
of erosion and sediment. Sediment 
adversely affects recreational areas, aquatic 
life, and domestic water supplies. 

Soils develop slowly through complex 
organic and inorganic processes. One hun- 
dred years are required for the formation of 
25 mm (1 in) of topsoil in typical subhumid 
regions. In arid regions and high-altitude 
areas, where natural processes are much 
slower than in humid regions. 1000 years 
may be required. Topsoil is dearly a most 
valuable and limited natural resource which 
has to be managed with great care and 
responsibility 

In response to this increasing environ- 
mental awareness, important legislation 
has been drafted to help control the prob- 
lems of erosion and water pollution. The 
U.S. federal government passed the 
National Environmental Policy Act in 1969 
and later passed Public Law (PL) 92-500, 
an amendment to the Federal Water 
Pollution Control Act Amendments of 
1972. In 1972. the Federal Clean Water Act 
established the National Pollutant 
Discharge Elimination System (NPDES) per- 
mit system. This amendment encourages 
states to establish regulations to control 
non-point sources of water pollutants. 



Public Law (PL) 95-87, the Surface Mining 
Control and Reclamation Act (SMCRA) of 
1977, created the Office of Surface Mining. 
These two acts set out a variety of specific 
requirements, but their common goal is to 
limit erosion and return the landscape to a 
stable and productive condition. Since 
SMCRA, a variety of other laws have been 
enacted that ultimately impact large scale 
disturbance activities and include: Water 
Quality Act of 1987 which outlined the 
National Stormwater program; Hazardous 
and Solid Waste Amendments to RCRA 
(1984) and RCRA, subtitle D (1991) which 
called for minimum nationwide standards 
for protecting human health and the envi- 
ronment and provided technical support to 
states to develop environmentally sound 
waste management standards; 
Amendment to the Clean Water Act of 
1992 began requiring disturbances greater 
than 5 acres to obtain a NPDES permit to 
help identify and quantify releases of pollu- 
tants into our watersheds. 

Section 640 describes general principles 
and methods of reclamation useful In 
accomplishing that goal. 



2.0 RECLAMATION PROCESS 



Although the basic reclamation process is 
the same for both existing and proposed 
landscape disturbances, there are several 
significant advantages to planning the 
reclamation prior to the disturbance. Prior 
planning can limit both on- and off-site 
impacts, make the operations and use of 
equipment more efficient, speed up the 
reclamation process, provide better recla- 
mation conditions, and significantly reduce 
the costs. 

The following steps are essential: 

1. Establishing objectives 

2. Determining factors that may influence 
methods of reclamation 

3. Selecting appropriate reclamation meth- 
ods, materials, and developing a plan 

2.1 Establishing Objectives 

Meeting Government Standards: 

The standards established in the United 
States (and in many other countries) by 
federal, state, and local governments pro- 
vide the basis for many reclamation objec- 
tives. The standards typically require such 
measures as returning the ground surface 
to approximately its original contour, 
reestablishing vegetative cover to control 
erosion at a degree equal to predisturbance 



levels, and covering all acid-forming and 
other toxic materials. Additional objectives 
are derived from the land use goals for the 
disturbed area. 

Economic and Social Objectives: 

Determining potential uses for any given 
site may be made by: 

1. Identifying uses for which there may be 
a demand or a need 

2 Analyzing proposed uses to confirm the 
degree of demand or need through a 
market analysis 

3. Analyzing the site to determine engi- 
neering and environmental feasabilities 

4. Analyzing costs and benefits to deter- 
mine the return on investment and the 
social, environmental, and economic 
consequences of development 

5. Creatively applying principles of land- 
scape architecture to achieve efficiencies, 
maximize benefits, and minimize adverse 
environmental impacts 

6 Organizing public meetings to solicit 
input from the community 

Environmental Objectives: 

In addition to economic and social objec- 
tives, consideration should be given to such 
environmental factors as: 

1 . Water quality 

2. Air quality 

3. Erosion 

4 Aesthetics 

5. Wildlife 

6. Adjacent areas 

7. Long-range productivity 

8 Post-disturbance landuse 

Evaluation of Objectives: 

Objectives should be specific and quantifi- 
able. They must be realistic and matched to 
acceptable risks and reasonable costs. For 
example, it is possible to: 

1. Determine the amount of erosion which 
will occur on a disturbed site during cer- 
tain high-precipitation events. 

2. Determine the frequency of these events 
and establish the risk for any given year. 

3. Determine the loss and damage which 
would result from the event. 
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Table 640-1. SOIL MATERIAL SUITABILITY FOR SALVAGE AND RECLAMATION USE. 





GOOD 


FAIR 


pooh 


UNSUITABLE 


USD A soil texture 


Fine sandy loam, very 
fine sandy loam, 
loam, silt loam, 

ii.ll rUy UJriri 1 


Clay loam, sandy clay 
loam, silty clay 
loam 


Sandy, loamy sand, 
sandy clay, silty 
clay, clay 


Clay-textured soils 
with more than 
60% clay 


Salinity, mmhos"/cm 


<3 


3-6 


6-9 


>9 


Alkalinity 

(exchangeable 

sodium percentage, ESP) 


<4 


4-8 


8-12 




Concentration ol toxic or 
undesirable elements; 
i e., boron, selenium, arsenic, 
% lime, etc. 


Very low 


Low 


Moderate 


High 


Soil pH 


6.1-7.8 


5.1-6.1 
79-8.4 


4.5-5.0 
8.5-90 


<4.5 
>9 1 


to be evaluated 










Moist consistency 


Very friable, friable 


Loose, firm 


Very firm, 
extremely firm 




Coarse fragments, % by volume 


0-10 


10-20 


20-35 


>35 


Available water-retention capacity, 
mm/mm (m/in) 


>0-400 (0-16) 


2-4 (0.08-0.16) 


<2 (<0.8) 




Permeability, mm/hr (in/hr) 


15-150(0.6-6.0) 


5-15 (0.2-0.6) 


<5or>150 (<0 2 or >6.0) 




Organic matter, % 


>1.5 


0.5-1 5 


<0.5 




Soil structure 


Granular, crumb 


Plaly. blocky 


Massive, single grain 





Rating* may bp raised one class if su-l amendrnenls or management practices can be applied to overcome the limitations. 

Source- From USDA ForMt Service. User Guide to Soi/s Mining mil toxtunutian In the West General Technical Report INT-68. inlnmountam forest and Range Experiment Station 
' nnilm-uik's per cubic meter 



4. Design features to mitigate erosion and 
stltation from the event. 

5. Determine the cost of mitigation mea- 
sures and compare these with anticipat- 
ed damages and projected benefits. 

If the costs exceed the damages or ben- 
efits, then the project and its objectives 
should be reexamined. 

2.2 Factors Influencing Methods of 
Reclamation 

The key to successful reclamation begins 
with a basic knowledge of the site and the 
nature of the disturbance. 

There are many site factors that influ- 
ence the various methods of reclamation, 
including: (1) existing soil characteristics. 
(2) existing vegetation, (3) annual and sea- 
sonal precipitation, (4) temperature 
extremes, (5) evapotranspiration rate. (6) 
wind, (7) growing period, (8) slope, (9) 
aspect, (10) elevation, (11) drainage pat- 
terns, and (12) animal, insect, and human 
behavior patterns. 

This section primarily addresses the first 
two of these factors because of their critical 
importance in all reclamation projects. The 



other factors, however, could prove to be 
of equal or even greater importance in 
some circumstances, depending on the 
region and its climactic characteristics, etc. 

It is often the interaction of these factors 
that is most critical when working with dis- 
turbed sites. One or more of these factors 
may be in an extreme condition; e.g., the 
soil might be extremely dry or extremely 
wet, very high in acidity, very low in organ- 
ic materials, and part of a steep, unstable 
slope. 

In most parts of the world and on most 
projects, the two fundamental aspects of 
reestablishing a disturbed landscape are: 
(1) to provide a viable growing medium 
(soils, water, suitable slopes, etc.) and (2) to 
select or encourage appropriate vegetation. 

Soil Characteristics: 

Soil Mapping- The Natural Resource 
Conservation Service (NRCS) in the United 
States (or its equivalent in other countries) 
has general soil maps for most areas. Most 
of this mapping is considered reconnais- 
sance level, or Order 3, mapping. Order 3 
mapping refers to map scales of 1:12,000 
to 1:250,000 or smaller with minimum 



delineations on the order of 4 ha (10 acres). 
Order 2 mapping refers to scales of 1:12, 

000 to 1:31.680 with minimum delin- 
eations of 0.6 to 4 ha (1.5 to 10 acres). 
Order 1 mapping refers to scales of less 
than 1:12,000 and is used for mapping 
complex areas or where there is a scarcity 

01 topsoil. 

Soil Testing- Soil tests provide the funda- 
mental information needed to select mea- 
sures for establishing vegetation. Important 
soil characteristics which can be identified 
by field observation include: horizon thick- 
ness, lithology, color, texture, structure, 
coarse fragments, consistency, hardness, 
root distribution, presence of lime, pres- 
ence of soluble salts, and kinds of vegeta- 
tion. Lab analysis determines: texture, dis- 
persion, weatherability, water retention 
capacity, saturation percentage, hydraulic 
conductivity, nutrient content, trace ele- 
ments, and pH (if pH is greater than 7 or 
less than 6, additional tests are run for 
salinity, sodicity, or acidity, respectively). 
Lab tests for toxicity determine the pres- 
ence of elements such as boron, molybde- 
num, selenium, aluminum, iron pyrite, and 
manganese. 
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In mining, borehole data is invaluable in 
determining the amount and character of 
soil materials. When the mine plan and the 
reclamation plan are integrated, the most 
efficient use of equipment and operations 
results. 

Table 640-1 provides data on soil suit- 
ability for salvage and reclamation use. 
Suitability, as used in this table, refers to the 
qualities and properties of natural soils or to 
soil materials that chemically and physically 
provide the necessary water and nutrient 
supply for the top growth and root devel- 
opment of plants. The ratings are indicators 
of the potential quality of natural soil pro- 
files, certain soil horizons, or the underlying 
parent material, disregarding nutrient levels. 

Vegetation: 

Another critical factor influencing methods 
of reclamation is the selection and/or 
encouragement of appropriate vegetation. 
Listed below are typical conditions most 
often considered unfavorable for establish- 
ing vegetation on a disturbed landscape. 

1 . Soil materials on very steep, droughty, 
or unstable slopes 

2. Shallow or stony soils with too little silt, 
clay, and humus to serve as reservoirs 
for plant nutrients and soil moisture 

3. Strongly acid, strongly alkaline, or high- 
salt soils 

4. Soil materials containing reactive pyrite 
(FeSi), which oxidizes to form sulfuric 
acid (H^SOO 

5. Soils with toxic materials such as solu- 
ble copper, aluminum, or manganese 

6. Soils very low in available nitrogen and 
phosphorus 

7. Wet and ponded soils 

8. Very high rainfall or very low and 
uncertain rainfall 

9. Active frost heaving 

10. Absence of essential Rhizobium 
(legume) bacteria and mycorrhizal fungi 
and other beneficial microorganisms 

The U.S. NRSC soil surveys contain veg- 
etation data for various site types. 
Additional site descriptions provide a 
detailed breakdown by species and include 
other relevant data. Where difficult or 
unprecedented soil conditions exist, on-site 
test plots should be specified to determine 
the response of selected plants to proposed 
reclamation techniques. 



Other Considerations: 

The U.S. Weather Service (and similar 
agencies in other countries) publish clima- 
tological data, and U.S. Geological Survey 
maps provide data needed to determine 
slope, aspect, elevation, and drainage pat- 
terns. Information on animals, insects, and 
human behavior patterns may be obtained 
through the NRCS, state fish and game 
departments, local universities, local gov- 
ernments, and knowledgeable area resi- 
dents. 

2.3 Selecting Appropriate Reclamation 
Methods, Materials, and 
Developing a Plan 

The actual methods used to reclaim dis- 
turbed landscapes will vary somewhat from 
region to region, depending on the many 
differences involved between basic site fac- 
tors. The overall reclamation process, how- 
ever, remains the same and includes the 
following elements: 

1. Protection of soil, water quality, 
wildlife, and adjacent undisturbed 
areas 

2. Landshaping and stratigraphy 

3. Surface conditioning 

4. Planting 

5. Establishment and maintenance of 
vegetation 

Each of these elements is covered separate- 
ly and in more detail in 3.0 of this section. 



3.0 PROTECTION OF SOIL, 
WATER QUALITY, AND 
ADJACENT UNDISTURBED 
AREAS 



Principles and basic measures of control- 
ling and limiting the effect of disturbances 
include: 

1 . Carefully limiting the size of disturbances 
during construction by indicating them 
on the plans and by using barricades and 
boundary markers on-site 

2. Correcting unstable conditions by 
removing problem areas and by con- 
structing walls 

3. Protecting disturbed surfaces from ero- 
sion as soon as possible by covering, 
mulching, and seeding 

4. Keeping storm runoff velocities low by 
roughening surfaces and by constructing 
check dams 

5. Protecting disturbed surfaces from storm 
runoff by constructing diversion ditches, 
dikes, and conduits 

6. Retaining sediment on-site by construct- 
ing sediment ponds, silt fences, and filter 
boxes, and by using chemical flocculents 

7. Ensuring the soil surface has adequate 
roughness to lessen the impacts of over- 
land water flow and sediment transport 
(the rougher the better) 

Figures 640-1 through 640-10 illustrate 
various ways to limit erosion on disturbed 
landscapes. Table 640-2 is a checklist of 
sediment control measures, 



In reclaiming a disturbed site it is essential to establish objectives, determine factors 
influencing methods of reclamation, select the appropriate reclamation methods and 
materials, and finally develop a plan. 

1 . Successful reclamation begins with a basic knowledge of the site and the nature of 
the disturbance. Understanding existing soil characteristics and vegetation are two 
site factors that are of critical importance in all reclamation projects. 

2. Other site factors that may influence the methods of reclamation are: precipitation, 
temperature, evapotranipiration rate, wind, growing period, slope, aspect, eleva- 
tion, drainage pattern, and animal, insect, and human behavior. 

3. The two fundamental aspects of reestablishing a disturbed landscape are to provide 
a viable growing medium (Table 640-1) by managing soil disturbance to prevent 
erosion and to select or encourage the appropriate vegetation that will stabilize the 
soil (Table 640-4). 
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Figure 640-1. Methods of limiting disturbance to site. 
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3.1 Use of Sediment and Erosion 
Control Devices 

One of the objectives of any revegetation 
or erosion control plan should be to stabi- 
lize soils and manage erosion and sediment 
deposition in an economical manner 
Project managers and key decision makers 
are often hard pressed to reclaim disturbed 
sites at a minimum cost. Given site condi- 
tions such as slope angles, climate, runoff, 
soil condition and end land use, a specifier 
must select with confidence a technique 
he/she feels will perform up to expecta- 
tions at the lowest cost. Frequently the 
selection of appropriate sediment and ero- 
sion control techniques, in combination, 
may provide the greatest opportunity for 
success (Figure 640-1). 

Sediment Control Techniques: 

Sediment basin - Sediment basins are 
ponds created by excavation that are usu- 
ally temporary in design and are intended 
to collect and store sediment from sites that 
are cleared and/or graded during construc- 
tion. Frequently these sites are left exposed 
for extended periods of time before either 
permanent vegetation is reestablished or 
permanent drainage structure completed. 
Basin construction is intended to trap sedi- 
ment before it leaves the disturbed site. 
Since sediment basins are temporary, they 
must be maintained until the disturbance 
area is permanently stabilized (Fig. 640-6). 

Straw bale dikes - Straw bale dikes inter- 
cept and detain small amounts of sediment 
transported by sheet and rill type runoff 
The dikes trap sediment by ponding water 
and allowing sediment to settle out. Straw 
bale dikes also slow runoff velocities, acting 
to reduce sheet, rill and gully erosion. Straw 
bale dikes may also be used to reduce ero- 
sion and sedimentations around the distur- 
bance area perimeter (Figure 640-7). 

Silt fence - A silt fence is a temporary 
polypropylene sediment barrier placed on 
the slope contour to trap sediment by 
ponding water behind it and allowing sedi- 
ment to settle out. Silt fence can effective- 
ly trap sheet and rill erosion within small 
drainage areas and on slopes with gradients 
up to 2:1. Silt fence is most cost effective 
when used for sediment and erosion con- 
trol around the perimeter of a disturbance 
area. 

Gravel bag structures - Similar to straw 
bale dikes and silt fence, gravel bag struc- 
tures are temporary structures used along 
construction perimeters or within flow 
channels to trap sediments and /or slow 
runoff velocities. Bags are constructed of 



Figure 640-2. Soil haulback method. 

burlap or polypropylene, filled with suitable 
material (sand or sediments) and placed or 
stacked on the soil surface to create a con- 
tinuous berm 

Continuous berms - A continuous berm is 
a temporary diversion or sediment barrier 
constructed with infill material and used to 
divert and intercept sheet runoff. 
Continuous berms are useful for erosion 
and sediment control around the perimeter 
of construction sites. The berms detain and 
pond sediment laden stormwater, resulting 
in sediment deposition. 

Rock check dams - Check dams are rock 
dams constructed across drainageways to 



dissipate the energy of flowing water and 
reduce gully erosion. They are temporary 
stabilization structures that are used until 
the drainageway is permanently stabilized. 
Check dams are used in ephemeral streams 
to reduce flow velocities, trap and store 
larger-sized sediment and provide stabilized 
drops. 

3.2 Erosion Control Technologies 

It is important to make a distinction regard- 
ing the intended use of erosion and sedi- 
ment control materials. For many installa- 
tions, vegetation alone will provide ade- 
quate long-term erosion protection. 
However, getting vegetation established 
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requires a variety of techniques. Materials 
of a temporary nature which facilitate veg- 
etative establishment, then degrade, are 
called temporary erosion and revegetation 
materials. 

As previously discussed, these temporary 
materials consist of degradable natural 
and/or synthetic components which pro- 
vide temporary erosion control and aid in 
the growth of vegetation. In only a few 
instances are temporary products totally 
organic. Vital geosynthetic components 
include nettings, stitchings and adhesives. 
These short-term materials degrade leaving 
only vegetation. 

Temporary techniques include the use of 
straw, hay and hydraulic mulches, tackifiers 
and soil stabilizers, hydraulic mulch 
geofibers; erosion control nets, meshes, 
blankets, bonded fiber matrices and fiber 
roving systems. 

Site conditions requiring the higher per- 
formance of reinforced vegetation or revet- 
ment systems will require permanent ero- 
sion and revegetation materials. Permanent 
materials may be subdivided into biotechni- 
cal composites™ when vegetation is rein- 
forced or hard armor systems when non- 
vegetated inert materials are installed. 

Biotechnical composites'" are composed 
of non-degradable materials which furnish 
temporary erosion protection, accelerate 
vegetative growth and ultimately become 
entangled with living plant tissue to extend 
the performance limits of vegetation. 

Reinforced vegetation provides a perma- 
nent moderate-to-high flow resistance 
when biotechnical composites are protect- 
ed from sunlight by shading from vegeta- 
tion and soil cover. 

Examples of biotechnical composites 
include UV stabilized fiber roving systems, 
erosion control revegetation mats; turf rein- 
forcement mats; permanent erosion rein- 
forcement matrices; soil and sports turf 
geofibers; vegetated geocellular contain- 
ment systems; and vegetated concrete 
block systems. Hard armor systems gener- 
ally employ inert materials used to provide 
high to maximum flow resistance where 
conditions exceed performance limits of 
reinforced vegetation systems. Hard armor 
systems also are used to provide permanent 
erosion protection of areas subject to high 
flows, wave action and/or scour attack 
Examples include geocellular containment 
systems; fabric formed revetments; con- 
crete block systems; gabions, riprap, com- 
posites and hybrids. 
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Figure 640-3. Methods of roughening slopes to slow runoff. 
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Figure 640-4. Methods of installing jute in drainage way. 



3.3 Temporary Degradable 
Materials 

Mulches-Mulch applications include the 
use of straw or hay that is blown or hand 
spread onto the surface, hydraulically 
applied mulches from recycled paper, virgin 
wood fiber, or a blend of both 

Straw or hay mulch must be anchored 
into the soil immediately to minimize loss 
by wind or water. Straw/hay mulch is 
anchored by crimping, tracking, disking, 
punching, netting or gluing. Cluing can be 
accomplished with a variety of organic and 
acrylic tackifiers. 



Recycled paper mulch is made from 
newsprint, magazines and other waste 
paper sources. Wood fiber mulch is manu- 
factured from wood waste and the mulch 
blend is comprised of 70% wood fiber and 
30% paper fiber. The hydraulic mulch is 
mixed in a hydraulic application machine 
(hydroseeder) and applied as a liquid slurry 
which contains the recommended rate of 
seed and fertilizer for the site Often 
hydraulic mulches are manufactured con- 
taining a tackifier to anchor the material to 
the soil surface. 

Tackifiers-Tackifiers are typically used to 
anchor or glue mulch or straw to increase 
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their effectiveness for erosion control, thus 
resisting movement by wind or water. 
Some tackifiers such as those made from 
polymers, plant muselage or guar are 
extremely important to lubricate the slurries 
and increase application efficiency and per- 
formance. Liquid co-polymers and natural 
products, to a limited extent, can also be 
specified alone to control erosion and dust, 
and stabilize the soil surface. 

Biaxially oriented process nets - Biaxially 
oriented process nets are typically manu- 
factured from polypropylene or polyethyl- 
ene resins. These nets are extremely versa- 
tile in that composition, strength, elonga- 
tion, aperture size and shape, color and 
ultraviolet stability can easily be designed 
into the product for site-specific require- 
ments. Biaxially oriented nets have proven 
to be so adaptable they are being used to 
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Figure 640-5. Sediment trapping methods. 



Table 640-3. SEDIMENT CONTROL CHECKLIST 




Sediment basins 
Check darm 



Silt fence 
Continuous berm 
Gravel bag structures 
Diversion dikes and ditches 
Berms 

Slope drains 

Seeding, mulching, and netting 

Mulching (hydraulic and/or straw) 

Soil binders 

BFM's 

FRS'S 

Sodding 

Natural Erosion Control Blankets 
Synthetic soft armor 
Ditch paving 
Slope paving 

Rip-rap (and other Hardarmor Systems) 
Other 
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create more complex products and are 
even used alone to anchor loose fiber 
mulches such as straw, hay and wood 
chips. The lightweight nettings placed over 
mulches come in rolls which are 3 000 to 
4 500 mm (10-15 ft) in width, weight only 
about 55 kilograms (120 lbs) and will cover 
0.4 hectare (one acre) or more. Installation 
of these products is less labor intensive 
than traditional nettings products. 

Bonded fiber matrix systems- Bonded fiber 
matrices (BFM's) are hydraulically applied 
systems that conform to the soil surface 
and are used on steep slope applications. 
Once dry, the matrix forms a blanket of 
continuous 100% coverage which adheres 
to the soil. The resulting blanket is water 
insoluble which means it can be re-wet 
repeatedly and will hold soil and seed with- 
out washing away. 

Bonded fiber matrices are fully 
biodegradable and are comprised of wood 
fibers, organic tackifiers and mineral bond- 
ing agents or may have a wood fiber-gyp- 
sum component. As vegetation takes hold, 
bonded fiber matrix systems slowly decom- 
pose. Polypropylene geotextiles may be 
added to BFM's to further enhance tenaci- 
ty and performance. 

Fiber roving systems- Developed in the 
late 60's, ravings are applied in a continu- 
ous strand for protection of drainage 
swales and slopes. 

Fiberglass roving is a material formed 
from fibers drawn from molten glass and 
gathered into strands to form a single rib- 
bon, Polypropylene roving is formed from 
continuous strands of fibrillated yarns 
wound onto cylindrical packages such that 
the material can be fed continuously from 
the outside of the package. Use of fiber- 
glass roving has been declining and is being 
displaced by more versatile "environmen- 
tally friendly" polypropylene roving. 

Erosion control roving is unusual 
because of the flexibility of application, 
allowing for any width or thickness of 
material to be applied. Other erosion con- 
trol materials, such as blankets or mats 
require the user to apply the width or thick- 
ness of material supplied. Fiber rovings 
may be viewed as an "in situ" erosion con- 
trol geosynthetic with reduced labor and 
material costs over traditional blanket 
materials. The continuous strand concept 
provides ease of installation with minimal 
waste factors from overlap. 

Using compressed air. roving is rapidly 
applied through a nozzle over the seeded 
surface and then anchored in place using 
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Figure 640-6. Alternative sediment basin drain methods. 
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Figure 640-7. Sediment control methods using erosion bales. 



emulsified asphalt or other natural or syn- 
thetic soil stabilizers. Photobiodegradable 
polypropylene roving may be used for tem- 
porary applications or when UV stabilizers 
are added for extended use situations. 

Erosion Control Blankets/Mats- 
Temporary erosion control blankets are 
used to stabilize and protect disturbed soils 
from rainfall impact and surface erosion, to 
increase infiltration, decrease composition 



and soil crusting.to conserve soil moisture, 
to keep seed in place and to increase plant 
germination (Figure 640-4). Biaxially ori- 
ented nettings or woven meshes of varying 
characteristics are placed on one or both 
sides of finely tuned erosion control blan- 
kets adapted to anticipated site conditions. 
These one to two meter wide biodegrad- 
able fiber erosion control blankets are com- 
posed of straw, excelsior, cotton, coconut, 
polypropylene or blends. Nettings or 
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meshes may contain ultraviolet (UV) stabi- 
lizers for controlled degradation or long 
chain interrupters to accelerate pho- 
todegradation. Additionally, nettings can 
be manufactured with 100% biodegrad- 
able natural materials. Colors vary from 
clear, tan, green to black. Methods of hold- 
ing the fibers in place range from glues and 
glue strips to more superior parallel lock 
stitching with cotton, polyester or poly- 
olefin threads. Applications for the wide 
variety of blankets range from protection of 
gradual slopes to low flowing channels. 
The top of the line natural blankets may 
provide temporary resistance to short dura- 
tion flow velocities of up to nearly three 
meters (10 ft) per second. 

Perhaps most advantageous to the envi- 
ronment, these meshes and blankets may 
ultimately become biodegradable. As pho- 
todegradation progresses, the plastic chains 
associated with the natural blankets break 
into shorter and shorter segments down to 
a plastic "sand" which becomes part of the 
soil. These short segments become biologi- 
cally degradable and are attacked by soil 
microorganisms and converted to carbon 
dioxide and water. The natural compo- 
nents within the netting biodegrade and 
ultimately increase soil fertility. Fully 
biodegradable natural blankets not con- 
structed with synthetic netting include coir 
and jute materials. 

Open weave polypropylene geotextiles 
can provide comparable performance to 
natural fiber erosion control blankets. 
These photobiodegradable, natural look- 
ing, high strength polypropylene meshes 
protect the soil surface from water and 
wind erosion while accelerating vegetative 
development, and are available in 
38 000 mm (12 1 /jft) wide light weight rolls 
suitable for slopes and channel installation. 
Erosion control meshes may be used alone, 
with dry mulches or as a stabilizing under- 
lay for sod reinforcement. They also show 
promise as an open weave geotextile facing 
for fostering vegetation on geosynthetical- 
ly reinforced steepened slopes or bioengi- 
neering installations where establishment 
of woody plant species is desired. 
Displaying rapid photobiodegradation in 
one direction, these meshes allow woody 
vegetation to freely sprout and emerge 
through the installation with little potential 
of girdling. 

When project sensitivity requires the use 
of a fully biodegradable material, natural 
coir (coconut) matting can be utilized for 
shoreline stabilization, streambank protec- 
tion and other bioengineering applications 
where woody plant establishment is desir- 
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Figure 640-8. Slope drain methods. 
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Figure 640-9. Drainage channel methods. 



able. This durable material of high tensile 
strength typically last 4-10 years allowing 
ample time for vegetation establishment 
Presumably these products cannot with- 
stand shear stresses equivalent to select 
synthetic turf reinforcement materials, 
however they are tested to withstand flow 
velocities between 2-3.1 m/sec (6-10 
ft/sec). Logs made of flexible coir material 
are also used to effectively manage the 
changes in stream flow velocity, provide 
channel and shoreline stabilization, and a 
planting medium for vegetation. 

3.4 Turf Reinforcement Mats 

Turf reinforcement is a method or system 
by which the natural ability of plants to 
protect soil from erosion is enhanced 



through the use of geosynthetic materials. 
A flexible three-dimensional matrix retains 
seeds and soil, stimulates seed germination, 
accelerates seedling development and most 
importantly, synergislically meshes with 
developing plant roots and shoots. In lab- 
oratory and field analyses, biotechnically 
reinforced systems have resisted flow rates 
in excess of 4.2m/sec (14 ft/sec) for dura- 
tions of up to two days, providing twice the 
erosion protection of unreinforced vegeta- 
tion. 

Such performance has resulted in the 
widespread practice of turf reinforcement 
as an alternative to concrete, riprap and 
other armor systems in the protection of 
open channels, drainage ditches, detention 
basins and steepened slopes. 
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Permanent turf reinforcement mats are 
composed of durable synthetic materials 
that are stabilized against ultraviolet degra- 
dation and inert to chemicals normally 
encountered in a natural soil environment. 
These mattings consist of a lofty web of 
mechanically or melt bonded polymer net- 
tings, monofilaments or fibers which are 
entangled to form a strong and dimension - 
ally stable matrix. Polymers include 
polypropylene, polyethylene, nylon and 
polyvinyl chloride. 

Specific turf reinforcement mats have 
been developed for the most critical appli- 
cations and are frequently referred to as 
permanent erosion reinforcement matrices. 
Having a very high coefficient of friction 
with soil, reinforcement matrices comple- 
ment vegetation and provide long-term 
performance in channels and on slopes 
under the most adverse conditions. These 
three-dimensional permanent erosion rein- 
forcement matrices provide unparalleled 
strength and dimensional stability. Due to 
their high strength properties, reinforce- 
ment matrices may be used as a form 
which is filled with concrete or grout to cre- 
ate an inexpensive hard armor system. 

High strength turf reinforcement mats 
provide sufficient thickness and void space 
to permit soil filling/retention and the 
development of vegetation within the 
matrix. Turf reinforcement mats are 
installed first, then seeded and filled with 
soil. 

Seeded prior to installation, erosion con- 
trol revegetation mats are dense, lower 
profile mats designed to provide long-term 
ground cover and erosion protection. 
Erosion control revegetation mats provide 
superior temporary erosion protection. 

By their nature, permanent erosion rein- 
forcement matrices and turf reinforcement 
mats can be expected to provide more veg- 
etation entanglement and long term per- 
formance than erosion control revegetation 
mats. 

3.5 Hard Armor Systems 

Geocellular containment systems 

Geocellular containment systems work in a 
unique fashion in that strength or stabiliza- 
tion by confinement is achieved by a series 
of three-dimensional cells up to 200 mm (8 
in) deep. When expanded into position, 
the polyethylene or polyester cells have the 
appearance of a large honeycomb, one of 
nature's most efficient structures. The cells 
are then backfilled with soil, sand, gravel, 
or rock depending upon application. For 
vegetation, the soil-backfilled cells are 
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Figure 640-1 0. Filter fence method for trapping silt. 



seeded, fertilized and covered with a vari- 
ety of either temporary or permanent ero- 
sion control mulches that provide surface 
protection while the cells greatly reduce the 
chances of subsurface failure and act as a 
deeper rooted biotechnical composite. 
Shallow lateral root development is limited 
by the geocell walls. Vegetated geocellular 
systems withstand flow velocities of 1.8- 
2.4m/sec (6-8 ft/sec). 

For higher flow conditions, geocellular 
containment systems may act as an easy to 
install form which is filled with concrete or 
grout to create a hard armor system. 
Typically a geotextile will be placed 
beneath the expanded web to provide sep- 
aration and/or filtration. Erosion control 
applications for geocellular containment 
systems are many, including: steep slope 
revegetation, channel liners, shoreline 
revetments, retaining walls, boat ramps, 
and low flow stream crossings. 

Fabric formed revetments - Fabric forming 
systems are mattresses typically construct- 
ed of water permeable, double layer woven 
geotextiles which are positioned on the 
area to be protected and filled with a 
pumpable fine aggregate concrete (struc- 
tural grout). The two layers of geotextile 
are joined at discrete points to create a 
form which when filled with grout will con- 
form to most subsoil conditions. Thickness 
and geometry are determined by internal 
spacer threads woven into the upper and 
lower sheets of fabric. In many cases the 
mattresses may be installed for less cost 
than conventional armor systems since all 



construction is conducted in place with no 
heavy equipment or skilled labor required. 

Fabric formed revetments are generally 
available in three styles: filterpoint, uniform 
section, and articulating block mats. Filter 
point mats are formed with a double-layer 
woven fabric, joined together by interwo- 
ven filter points which relieve hydrostatic 
pressure. Uniform section mats are formed 
with a double-layer woven fabric, joined 
together by spacer cards on closely spaced 
centers. Relief of hydrostatic uplift pressure 
may be provided by inserting plastic weep 
tubes through the mat at specified centers 
Articulating block mats are formed with a 
double-layer woven fabric, joined together 
into a matrix of rectangular compartments 
each separated by a narrow perimeter of 
interwoven fabric. 

High strength cables may be threaded 
between the two layers of fabric to inter- 
connect the concrete filled compartments 
(blocks), and provide for block articulation. 
Hydrostatic pressure relief is achieved by 
slits cut between adjacent blocks and/or 
inserting plastic weep tubes. A filtration 
geotextile is recommended beneath all fab- 
ric formed revetments. 

Concrete block systems - Concrete block 
systems consist of prefabricated concrete 
panels of various geometries which may be 
attached to and laid upon a woven 
monofilament or non -woven geotextile. 
Bending and torsion are accommodated by 
having the concrete blocks articulated with 
joints, weaving patterns or connection 
devices. Concrete block systems may be 
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Figure 640-11. Appropriate land use related to slope. 
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Figure 640-12. Slope failure repair methods. 



subdivided into three groups: non-tied 
interlocking blocks, cable-tied blocks, and 
in-situ concrete. 

Concrete block revetments incorporate 
cellular concrete blocks, either open or 
closed, and are underlain with a properly 
designed filtration geotextile The blocks 
are held on the slope by anchors placed at 
the top of the slope and/or by friction 
between the slope and the blocks. The 
blocks can be assembled into fabricated 
mats either at the factory or on site. 
Sections of precabled concrete blocks may 
be placed by using a special spreader bat, 
which may lower costs on large projects. 
The blocks may also be handplaced with or 
without cable subsequently installed. 

Articulated concrete block revetment 
systems combine the favorable aspects of 
lightweight blankets and meshes (such as 
porosity, flexibility, vegetation encourage- 
ment, wildlife habitat enhancement, and 
ease of installation) with the nonerodibility, 
self weight, and high tractive force resis- 
tance of rigid linings. These specially 
designed interlocking precast concrete grids 
are a proven cost-effective, aesthetic, and 
functional alternative to dumped stone rip- 
rap, gabions, structural concrete, and other 
heavy-duty, durable channel protection 
systems. Additionally, these systems offer 
enhanced flow efficiencies, nurturing of 
vegetative cover and safe access. 

Gabions- Gabions are compartmented rec- 
tangular containers made of galvanized 
steel hexagonal wire mesh or rectangular 
plastic mesh and filled with hand-sized 
stone. Cells of equal capacity are formed by 
factory-inserted plastic or wire netting 
diaphragms or partitions which add 
strength to the container and help maintain 
its shape during the placement of stone. In 
highly corrosive conditions, a polyvinyl 
chloride coating is used over the galvanized 
wire. 

Advantages of gabions include flexibility, 
durability, strength, permeability and econ- 
omy versus rigid structures. The growth of 
native plants is promoted as gabions collect 
sediment in the stone fill. A high percent- 
age of installations are underlain by woven 
monofilament and nonwoven geotextiles 
to reduce hydrostatic pressure, facilitate 
sediment capture and prevent wash out 
from behind the structure. 

Rip-rap - Rip-rap consists of stone dumped 
in place on a filter blanket or prepared 
slope to form a well graded mass with a 
minimum of voids. Stone used for rip-rap 
is hard, dense, durable, angular in shape, 
resistant to weathering and to water action; 



and free from overburden, spoil, shade and 
organic material. The rip-rap material is 
generally placed on a gravel bedding layer 
and/or a woven monofilament or nonwo- 
ven geotextile fabric. 



4.0 LANDSHAPINC AND 
STRATIGRAPHY 



Landshaping: 

The aesthetic character of landshaping is 
largely dependent upon the proposed land 
use objectives, but care should be taken to 
create reasonable slopes. The steeper and 
longer the disturbed slope, the more diffi- 
cult it is to reclaim. A general rule of thumb 
is that as the percent of slope doubles, soil 
loss increases 2,6 times, and as the length 
of slope doubles, soil loss increases 3 times. 
Slopes 3:1 or steeper call for special recla- 
mation measures. In most of these cases, 



no topsoil is present and compaction is 
inordinately high 

Figures 640-11 through 640-14 illustrate 
several considerations and treatments relat- 
ed to reclamation of slopes. 

Stratigraphy: 

Stratigraphy refers to the layering of sub- 
surface materials. The characteristics of the 
subsurface structure will have a significant 
impact on stability, on water holding capac- 
ity, and on the effect of buried toxic mate- 
rials. Toxic materials should be placed as 
deep as possible in locations unaffected by 
groundwater. In the United States, Public 
Law (PL) 95-87 requires a minimum of 
1 200 mm (4 ft) of soil cover over acid-gen- 
erating materials. 

The amount of a plant growth medium 
necessary to establish a stable vegetative 
community is 450 to 600 mm (18 to 24 in). 
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This depth is needed to serve as a reservoir, 
making water available to plants during 
periods of low precipitation. When the 
materials below this medium are too 
porous to retain water, an artificial moisture 
barrier (plastic, asphalt, or similar material) 
can be placed between the strata. When 
placing topsoil on a soil medium, the sub- 
grade should be sufficiently rough to 
ensure a bond between the two layers. 



5.0 SURFACE CONDITIONING 



Surface conditioning is concerned with the 
chemical and physical nature of the top 
several centimeters Cinches) of growth 
medium. 




5 !:.. HNO 



DOZERBASINS 



CHISELING 



Topsoil: 

Topsoil is the preferred growing medium 
The cost of topsoil removal, stockpiling, 
and replacement is typically less than 
changing the chemical and physical proper- 
ties of subsoil to make it suitable as a plant 
growing medium. Research has shown that 
neither the age nor the depth of a stockpile 
will significantly affect the quality of the soil 
as a growing medium. However, freshly 
moved topsoil is easier to spread and is an 
excellent source of viable native seed and 
other plant propagules. Older stockpiles, if 
not properly managed, can be a source of 
undesirable plants. 

Unlike subsoil or mining spoils, topsoil 
contains important soil fauna and bacteria 
which are active in maintaining aeration, 
water infiltration, and root penetration and 
in transforming minerals into forms useful 
to plants. Moist, well-aerated, warm soils 
containing organic matter provide the best 
conditions for this biological activity. 

Stabilizing Topsoil: 

It is difficult to create a good bond between 
topsoil and subsoil or to stabilize topsoil 
thicknesses of more than 75 to 100 mm (3 
to 4 in) on slopes greater than 3:1. 
Stabilization of the topsoil on such slopes is 
typically accomplished by using a sheeps- 
foot roller or by ribbing on contour. 



fQ Improving Water Retention Capacity: 

Soil materials which have little capacity to 
<U retain water can be improved by adding 
-Q organic matter, such as treated sewage 
3 sludge, manure, or compost. Sewage 
■Jjj sludge is good because it contains nutrients 
"XT and trace elements essential to plant 

growth. Application rates are determined 
m by testing for concentrations of various 

chemicals in order to prevent excess nitro- 
^ gen from polluting ground or surface 



Figure 640-13. Surface -roughening methods of concentrating precipitation. 



HIGHWALL 



PLANTING POCKETS 



BLAST ALONG EXISTING FRACTURES 
AND REMOVE EXCESS TO CREATE 
IRREGULAR ROCK FACE 




UNNATURAL APPEARANCE 



NATURAL APPEARANCE 



Figure 640-14. Methods of naturalizing high walls and rock cuts. 
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i 640-15. Approximate limestone Figure 640-16. Amount of water 
application rates required to adjust spoil required to leach salt from saline soil, 
to pH 6.4 for buffer pH readings. 
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Table 640-4. GRASSES FOR LANDSCAPE R EC L AAA ATI ON* 



Scientific name Variety states states availability 



Species 454 kg 
(1000 lb| 



Drought-tolerant bunchgrass 



Beardless wheatgrass 


Pseudoroegneria ^picata ssp. tnermis 


Whitmar 




A 


A 

t\ 




Big bluegrass 


Poa ampta 


Sherman, Service, 
or Canbar 




X 


A 


900 


Bluebunch wheatgrass 


Pseudoroegneria spicata 


Secar or Coldar 


X 




A 




Hard fescue 


f estuca ovina, variety dunuscula 


Durar. Aurora 


X 


X 


A 


565 


Indian ncegrass 


Oryzopsis hymenoides 


Nezpar or Paloma 




X 


L 


188 


Needle and thread 


Sfrpa comafa 






X 


L 


123 


Russian wildrye 


Psatfiyrostachys juncea 


Sawki. UNS, Boroisky, 
or Vinal 




V 

n 


A 

f\ 


1 7ft 


Sand dropseed 


Sporpbulus cryptandms 




X 


X 


I 


5,000 


Sibenan wheatgrass 


Agropyron sibiticum 






X 


A 


206 


Slender wheatgrass 


Etymus tradiycaului 


Nabve. Pryor, San Luis, 
Primar, or Revenue 


X 


'"■ 


A 


16Q 


Weeping lovegrass 


Eragrostis auvula 


Ennelo or Morpha 


X(W) 


X 


A 


1,500 


Sheep lescue 


Fistuca ovina 


Covar, Mx-86 or Azy 


X 


X 


A 


565 


Drought tolerant sod forming grasses 












Canada bluegrass 


Poa campressa 


Rubens, Standard. 

Maverick. Olympic or Safari X 


X 


A 


2,495 


Tall fescue 


fetfuca arvndinacea 


Pennlawn 


X 




A 


227 


Creeping ned fescue 


festuca rubra 






X 


A 


615 


Pubescent wheatgrass 


tlytngia intermedia 


f tuiiUai 1 IMC 

Luna. Mandan 




X 


A 


90 


Pubescent wheatgrass 


Elytrtgia intermedia 


Topar or Manska 


X 


X 


A 





Streambank wheatgrass 


Elymus tanceolatus 


Sodar 




X 


A 


170 


Intermediate wheatgrass 


Elytrigia intermedia 


Oahe, Rush, Tegrnar. 
Slate or Greenar 




X 


A 


93 


Thickpike wheatgrass 


Elytrtgia dasystachyam 


Critana 




X 


L 


186 


Western wheatgrass 


Pascopymm smithii 


Arriba. Burton, Native, 
or Rasana 


X 


X 


A 


126 


Sermudagrass 


Cy notion dactylon 


Guymon or Hulled 


X (W) 


X 


A 


1,787 


Timothy 


Phteum prateme 


Climax or Outlaw 


X 


X 


A 


1.230 


Kentucky bluegrass 


Poa pratensis 


Troy, Challenger. Freedom 
or 30 other vaneties 


X 


X 


A 


2,150 


Sand stabilizing plants 














Prairie sandreed 


Calamovilta longitolia 


Goshen 




X 


L 


274 


Switchgrass 


Punicim virgatum 


Pathfinder, Blackwell, 
or Nebraska 28 


X 


X 


A 


389 


Sand bluestem 


Andropogon hallu 


Garden, Elidar. 
Woodward or Goldstrike 




X 


L 


113 


Indian ricegrass 


Oryzopsis hymenoides 


Nezpar or Paloma 




X 


L 


188 


Needle and thread 


Stipa comata 






X 


L 


123 


Sand lovegrass 


tragrostis trichodes 


Bend 




X 


A 


1,300 


Beachgrass 


Ammophilia sop. 




X 




NA 


114 


Blowout grass 


ftedfieldia tfexuosa 




(W) 


X 


L 


263 


Sandhill muhly 


Mulhenbergia pungens 




(W) 


X 


L 


614 


Acid tolerant grasses 














Canada bluegrass 


Poa compressa 


Rubens 


X 


X 


A 


2.495 


Perennial ryegrass 


Lolium perenne 


Linn. Moy. or Zero Nui 


X 


X 


A 


247 


Colonial bentgrass 


Agrortrs tenuis 


Highland 


X 


X 


A 


8.723 


Creeping bentgrass 


Ag/ortrs palustris 


Cato or Cobra 


X 


X 


A 


7.800 


Creeping foxtail 


Ahpeojrus arundmaceus 


Garrison 


X 


X 


A 


400 


Hard Fescue 


Festuca ovina, variety duriusoila 


Durar or Aurora 


X 


X 


A 


565 
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Table 640-4. GRASSES FOR LANDSCAPE RECLAMATION* (continued) 



Herinudagrass 


Cynadon dactylon 


Guyman or Hulled 


XCW) 


X 


A 


1.787 


jvitftitjuw mmn 


Alnnfrftirni n/'.l/encjc 
mwpccurus p'uicrists 


Garrison 


X 


X 


A 


580 


Red fescue 


Festuca rubra 


Penn lawn 


X 


X 


A 


615 


Redtop 


Agrosfrs alba 




X 


X 


A 


4.990 


Switchgrass 


Panicum virgatum 


Pathfinder, Blackwell 
or Nebraska 28 


X fW) 


X 


A 


389 


Weeping lovegrass 


(ra^rostis curvula 


Ermelo or Morpha 


x (W) 


X 


A 


1.500 


Alkaline tolerant grasses 














Alkali sacaton 


Sporobulus airoides 


Saltalk or Salado 




X 


A 


1,750 


Alkali grass 


Puttinellia lemmoni 


Lemmons, Nuttall, FulK 




X 


A 


1,200 


Bermudagrass 


Cynodon dactylon 


Guyrnon or Hulled 


X(W) 


X 


A 


1.787 


Foxtail barley 


Hordeum lubatum 




X 


X 


A 


352 


Perennial ryegrass 


Lalium perenne 


tinn, Moyou Zero Nui 


X 


X 


A 


247 


Stneambank wheatgrass 


hejnpyran riparium 


Sodar 


X 


X 


A 


170 


Tall wheatgrass 


Agropy/cn ehngatum 


Alkar, Jose 


X 


X 


A 


79 


Western wheatgrass 


ARropyran smithii 


Arnpa, Barton, 
Native or Rosana 


X 


X 


A 


126 


Alkali cord grass 


Spartina gracilis 






X 


NA 


224 


Basin wildrye 


tlymus cinereus 


Magnar 




X 


NA 


95 


Canada wildrye 


flymus canadensis 




X 


X 


NA 


106 


Saflgrass 


Distkhlis stricta 




(W) 


X 


NA 


83 


Russian wildrye 


Elymus junceus 


>awaKi, urso. 
Bozoiski or Vinal 




X 


A 


175 


Crested wheatgrass 


Agropyron deierlonmi 


Ephnam. Fairway, 
Hycrest or Nordan 




X 


A 


175 


Alkali grass 


Puccmetlia lemmom 


Lemmons. Fults 




X 


A 


2.100 


Slender wheatgrass 


Apopymn trachycaulum 


Native, Pryor. San Luis, 
Prirrw. or Revenu 








160 


Grasses and legumes tolerant of moist soils 












Alsike clover 


Trifolium hybridum 




X 


X 


A 


680.000 


Alkali cordgrass 


fyartina gracilis 






X 


A 


224.000 


Reed canarygrass 


Phalahs arundinacea 




X 


X 


A 


506.000 


Colonial bentgrass 


Agrostis tenuis 


Highland 


X 


X 


A 


8,723,000 


Creeping bentgrass 


Agrostis palustns 


Cato, Cobra 


X 


X 


A 


7.800.000 


Poa trivialis 


Poa t/ivialis 


Sabre 


X 




A 


2.540.000 


Creeping foxtail 


Alopecurius arundinaceus 


Garrison 


X 


X 


A 


400.000 


Meadow foxtail 


Alopecurius pratensis 


Garrison 


X 


X 


A 


580.000 


Perennial ryegrass 


Lolium perenne 


Unn.Moy or Zero Nui 


X 


X 


A 


247.000 


Legumes 














Crown vetch 


Comnilla varia 


Penngift.Chetnung 
or Emerald 


X 


X 


A 


110.000 


Birdfoot treefoil 


Lotus comiaitatus 


Empire. Dawn, Leo.Norcen, 
Cascade or MacKinaw X 


X 


A 


407,000 


Sencea lespedeza 


lespedeza aineata 




X 


X 


A 


350,000 


While clover 


Trifolium repens 




X 


X 


A 


850,000 


Alsike clover 


Trilolium hybridum 










680.000 



8 

in 
"D 



"8 

4— 1 

in 

O 



■ Codes are as follows, .in X indurates presence of species in a given aras, A indicates commenaalry availaDle. L .ndicates limited I 
cates a waim-season grass best adapted !n mp southern state, or similar uilluit 



waters, and to prevent a buildup of toxic 
trace elements. A USDA Forest Service 
publication entitled A Guide for 
Revegetatmg Coal Mine Soils in the 
Eastern United States suggests the follow- 
ing rates of application: 



1. Barnyard manure and composted 
garbage at 34 000 to 68 000 kg/ha (15 
to 30 tons/acre) 

2. Air-dried leaves at 4 550 to 9 070 kg/ha 
(2 to 4 tons/acre) 



■Ubl% NA indicate not commencally available and W indi- 

3. Sewage sludge and effluent at volumes 
equivalent to 45 000 to 113 000 kg/ha 
(20 to 50 tons/acre) of dry matter 

Any one of a family of gel-like chemical 
products called supermoisturizers can also 
be used to improve the water retention 
capacity of dry soils. When mixed into soil, 
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these products act like tiny sponges, 
expanding many times their original vol- 
ume and holding water for use by plants. 
As they have a useful life of only several 
months, these products are used only to 
help establish plants 

Modifying Acidic Soils: 

High acidity results from the oxidation of 
minerals like sulfides. Soil materials which 
are acidic can be modified by adding lime 
CTable 640-3). The SMP buffer pH test is 
used for mine spoils to determine lime 
application rates. Lime should be applied as 
far in advance of seeding as possible and as 
deeply as possible, at least to the depth 
that the materials are exposed to the air 
during the conditioning process, In addition 
to correcting low pH, lime will: 

1. Improve the physical condition of soil. 

2. Add calcium to the soil. 

3. Accelerate the decomposition of organic 
matter, releasing nitrogen. 

4 Increase fertilizer efficiency. 

5. Increase nutrient availability. 

6. Decrease toxicity of aluminum and ferric 
ions as well as decrease the availability of 
heavy metals such as lead, mercury, and 
cadmium. 

The approximate amount of lime that 
should be applied to adjust spoil pH is 
shown in Figure 640-15 

Modifying Saline Soils: 

Saline soils can be modified by leaching 
excess soluble salts through the soil (Figure 
640-16). This can be done by adding 
organic matter or other such material to 
improve the infiltration quality of the soil, 
and by irrigating with low-salt water. Sodic 
and saline-sodic soils are a different matter, 
as water alone will not leach out excess 
exchangeable sodium. The modification 
procedure involves replacing sodium by 
another cation and then leaching, initially 
with salty water. Gypsum is commonly 
used for this purpose. The gypsum require- 
ment (CR) to reclaim sodic soil is calculated 
as follows: GR=3.85(Na.) Ill metric tons/ha 
[GR=1 72(Na.)in tons/acre)of gypsum. The 
sodium index number (Na.) is determined 
by chemical analysis of the subject soil and 
is expressed in milliequivalents of 
exchangeable sodium to be replaced by 
calcium. Other materials used for this pur- 
pose are sulfuric acid, sulfur, lime-sulfur, 
and iron sulfate 



Table 640-3. FORMS OF LIME 



Ground limestone (calcium carbonate) 



Burnt lime (calcium oxide) and 
hydrated lime- (calcium hydroxide) 



• Insoluble in water but soluable in acid 

• Long-range effect [mix at least 250 mm 
(10") deepl 

• Very soluable in water 

• Immediate but short-range effect 




L kipping RUMOR 



2. LAYING DOWN TOPSOIL 



3 KIPPINS TOPSOIL 




7. DRILL SEEDING 



ft. PLANTING MULCH 



9. CRIMPING MULCH 



Figure 640-17. Methods of surface conditioning. 

Applying Fertilizers: 



Soil materials low in nutrients can be 
improved by applying fertilizer. Sufficient 
nitrogen is usually available in topsoil for 
plant establishment, while subsoils and 
geologic materials are usually deficient. 
Nitrogen is more of a limiting factor in plant 
productivity than it is In the establishment 
of plants. Although nitrogen is needed the 
first season on some sites, its application is 
most beneficial during the second growing 
season. Since nitrogen is water soluble, its 
effect is immediate but short-term. 
Applications before the desired perennial 
materials are established will favor annual 
weeds instead. It is common practice to 
apply additional nitrogen at the time of 
mulching to make up for the short-term 
depletion of available nitrogen by microor- 
ganisms when mulch is added. The amount 
of nitrogen used for 4 550 kg/ha (2 
tons/acre) of straw is 23 to 27 kg (50 to 60 



TU8ELET6 SD-TBmm (2 3") DIA, BY 
300mm (12"). CONSTRUCT Of VARIOUS 
PAPER PRODUCTS. DEPTH ALLOW5 DEEF 
ROOT GROWTH 



PATENTEP PLASTIC 
"TUBE PAX" 



STYROFOAM MULTIPLE 
PLANT CONTAINER 
DIVISIONS 
300mm 
(12-) DEEP 




Figure 640-18. Methods of con- 
tainering reclamation plants. 
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lb). In the long term, legumes are an impor- 
tant factor in sustaining sufficient nitrogen 
levels and should be considered in the plant 
mix. 

Unlike nitrogen deficiencies, phosphorus 
deficiencies will limit and even prevent 
seedling establishment. On soil materials 
which test low in phosphorus, 112 kg/ha 
(100 lb/acre) of P^Oi are applied to coarse- 
textured soil, and 228 kg/ha (200 lb/acre) 
are applied on fine-textured soils. Since 
phosphorus is not mobile in the soil, it is 
important to mix it into the rooting medi- 




HAND COLLECTION 



SMALL COMBINE 



WOJUM 



BUMPER HOPPER 



Seedbed Preparation: 

At a minimum, the physical condition of 
the surface material must be developed 
into a good seedbed. A good seedbed has 
the following properties: 

1. Firm, but not compacted, under the 
seeding depth 

2 Relatively loose above the seeding depth 
to allow seed penetration and cover 

3. Free of weeds 

4. Capable of holding moisture 

Favorable physical conditions are typi- 
cally developed through cultivation by rip- 
ping or plowing compacted materials, then 
disking and harrowing (Figure 640-17). If 
the surface is partially vegetated and 
inhibiting erosion, it may be desirable not 
to cultivate. In such areas, allow existing 
plants to remain, or use herbicides to elim- 
inate weeds, and deep-furrow the seed 
directly into the soil. Roughening the sur- 
face with dozer tracks, pockets, gouges, 
and furrows slows runoff, checks erosion, 
and in dry areas provides for the accumula- 
tion and retention of snow and rain (see 
Figure 640-13). 

Mulches: 

Mulches are helpful in creating favorable sur- 
face conditions for plant establishment by: 

1. Inhibiting wind and water erosion 

2. Facilitating water infiltration 

3. Inhibiting evaporation, and thereby 
reducing the upward movement of salts 

4. Moderating soil temperatures 

5. Adding desirable propagules to the 
seedbed when it is comprised of fresh 
native materials 

6. Adding beneficial microorganisms to the 
soil 



Figure 640-19. Seed collecting methods. 



AERIAL BROADCASTING 
LARGE INACCESSIBLE AREAS 




DKILLSEEDING 

FLAT AND GENTLY SLOPING AREAS 



Figure 640-20. Seeding methods and applications. 




BACJCHOE 



Figure 640-21. Shrub and tree collection methods. 
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In more humid climates, seeding, fertiliz- 
ing, and mulching are commonly done in 
one operation hydraulically. In such cli- 
mates, wood fiber at 2 260 kg/ha (1 
ton/acre) is used. In arid climates it is 
important to place seed beneath the soil 
surface, and mulch is applied as a separate 
operation The most common practice is to 
apply hay or straw at 3 400 to 4 500 kg/ha 
(1-1/2 to 2 tons/acre). The straw is 
crimped into the surface with a disk-type 
packer. On slopes greater than 3:1 or in 
high-wind areas, mulch is anchored with 
special equipment, nets, and tackifiers such as: 

1. Asphalt emulsion at 11 200 L/ha (1200 
gal/acre) 

2. Resin emulsion in water at 5 600 L/ha 
(600 gal/acre) 



3 Latex emulsion at 
recommendations 



the manufacturer's 



4. Natural soil binders (guar or plantago) at 
the manufacturer's recommendations 

5. Wood fiber hydromulch at 840 kg/ha 
(750 lb/acre) 

Mulch may also be integrated into ero- 
sion control blankets or mats made of jute, 
paper, excelsior, straw, coconut, or synthet- 
ic materials. 

Other types of mulch include 

1. Woodchips, pole peelings, and shredded 
bark or woodchips at 44 800 kg/ha (20 
tons/acre) 

2. Shredded native grasses and brush at 
3 360 to 4 480 kg/ha (1-1/2 to 2 
tons/acre) 

3. Manure or dried sewage sludge at 
11 200 to 33 600 kg/ha (5 to 15 
tons/acre) 

4. Rocks and gravel at 25 to 50 mm (1 to 2 
in) deep [302 400 kg/ha = 25 mm deep 
(135 tons/acre = 1 in deep I] 

5. Plastic films 




CONNECT & STOLON 



DRY SOIL 




PLANT 2nd ROOT 
DEEP IN SOIL 



EXISTING CONDITION 



REMOVE A PRUNE TOP 



TRANSPLANT 



Figure 640-22. Methods of transplanting stoloniferous plants in arid areas. 



PLANE OF SLOPE 




INCORRECT 



INCORRECT 



Figure 640-23. Correct slope planting method. 



6.0 PLANTING 



The selection of plant materials is depen- 
dent upon land use objectives and various 
site factors. 

Temporary Erosion Control Plantings: 

Temporary erosion control plantings are 
selected for their ability to establish a quick 
cover. If these temporary plants are unde- 
sirable in the long run, then they can be 
prevented from going to seed and may be 
readily eliminated or succeeded by perma- 
nent plantings when grown under the 
nurse crop concept Commonly used plants 
for temporary erosion control include 
annual grasses such as annual ryegrass, 
barley field brome, oats, winter rye, wheat, 



1. A general rule of thumb is that as the percent of slope doubles, soil loss increases 
three times. Slopes 3:1 or steeper call for special stabilization measures (see Fig. 
640-3). 

2. The amount of plant growth medium necessary to establish a stable vegetative 
community is 450 to 600 mm (18 to 24 in). 

3 The cost of topsoil removal, stockpiling, and replacement is typically less than 
changing the chemical and physical properties of subsoil to make it suitable as a 
plant growing medium 



sorghums, and millets. Several sterile grass 
hybrids are also available and provide 
excellent vegetation cover and erosion pro- 
tection without the seed volunteering asso- 
ciated with annual grasses (Table 640-4). 

Permanent Plantings: 

It is essential that species which are intend- 
ed to be permanent should be well-adapt- 
ed to the site; that is, they should be able 
to reproduce and sustain their populations 
for a substantial period of time. A process 
of ecological succession can be promoted 
by using a wide variety of plant materials, 
thus facilitating gradual changes in the 
communities of plants. Nurse crops or pio- 
neer plantings may be required for selected 
sites to make microclimatic conditions more 
favorable for latter-stage species. This is 
particularly important on sites with severe- 
ly constraining conditions and on those at 
high elevations. Pioneer tree species unable 
to reproduce under their own canopy 
include aspen, bristlecone pine, limber pine, 
and lodgepole pine. Eventually, these 
species are either rejuvenated by distur- 
bance or succeeded by species like spruce 
and fir. 

In natural settings, a visual blending of 
disturbed and undisturbed areas is achieved 
by selection of new plant materials similar 
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HEEL IN EDGE 



ACCESS SLEEVE WITH 
MULTI-FORT EMITTER 
MICROTUBING FOUR 
LOCATIONS 




PLANTING AT LOW 
POINT IN LEE Of DRIFT 



lOOmm (4") MULCH IN BASINS 



SNOWTRAP 



CONDENSATION TRAP 



TRICKLE IRRIGATION 



Figure €40-24. Methods of increasing water. 




1. WELDED WIRE 
MESH CAGE 



: FLEXIBLE PVC 
DRAIN PIPE 
IOO-150mm 

H*1 



3. CREPE TREE 
WRAPPING- 
REMOVE OR 
REPLACE IN 
TWO YEARS 



4 REPELLANT PAINT 
ON TRUNK- 
REPAINT EACH 
TEAK 



5. PLASTIC SCREEN- 
ING ALL AROUND 
SMALL PLANTS- 
IJV.OEGKADABLE 



Figure 640-25. AAetKods of protecting plants from pests. 



in size, form, texture, and color to those in 
adjacent undisturbed areas. Most erosion 
control grasses are selected for their sod 
forming characteristics. Deep rooting plants 
are best for slopes. 

Selecting Plant Material: 

Sources of technical assistance on selecting 
plant materials for reclamation of disturbed 
landscapes include: 

1. Universities and their extension services 

2. U.S. Natural Resource Conservation 
Service offices. 

3. U.S. Surface Environment and Mining 
publications 

4. U.S. Natural Resource Conservation 
Service plant materials centers. (These 
centers are located throughout the 
United States and have been set up for 



the development of forage and erosion 
control plants.) 

5. PIN (Plant Information Network). This 
network is a computer-based data bank 
for information on native and natural- 
ized vascular plants of several western 
states in the United States. PIN informa- 
tion is a service of the U.S. Department 
of Interior's Fish and Wildlife Service, 
Western Energy Land Use Team, located 
at Fort Collins, Colorado. 

Acquiring Plant Material: 

Plant material can be obtained from one or 
more of the following sources (the NRCS 
and U.S. Forest Service distribute lists): 

1 . The predisturbance vegetation and topsoil 

2. Existing vegetation collected from the area 

3. State nurseries 



4. Commercial native plant nurseries 

5. Commercial seed suppliers 

6. U.S. NRCS plant materials centers 

7. U.S. Forest Service nurseries 

8. Small private seed collectors 
Native Regrowth: 

A method proved effective for establishing 
native vegetation on steep slopes is 
described in an article entitled "The Native 
Regrowth Method for Steep Slopes," 
Landscape Architecture, January 1979, by 
Wayne Tyson. This method, using predis- 
turbance vegetation and topsoil, recom- 
mends the following steps: 

1 Crush or shred low vegetation on the 
site and remove it with 100 to 150 mm 
(4 to 6 in) of topsoil. 

2. Stockpile the soil/mulch mixture, keep- 
ing the surface moist to preserve inher- 
ent moisture 

3 Spread the soil mulch evenly over a 
moist, roughened subgrade. On steep 
slopes, do not exceed a soil/mulch layer 
of 100 mm (4 in), and bond it to the 
subgrade with a sheepsfoot roller. 

Nursery Stock: 

Collected trees and shrubs are transplanted 
during their dormant season. Sods and 
shrub pads are readily transplanted by use 
of front-end loaders Containerized materi- 
als may be planted during any part of the 
growing season, provided that ample water 
is available (Figure 640-18). Some nurseries 
specializing in reclamation plants have 
developed specialized minicontainers for 
seedling stock. Actual planting methods 
follow standard nursery practices. Basins 
are constructed around plants and are 
either covered with plastic or mulched to 
trap and retain moisture and to reduce 
competition by weeds. 

Seeding Methods: 

Seed from the area to be disturbed or from 
nearby areas may be collected by using 
combines, bumper hoppers, or various 
hand methods (Figure 640-19). Cleaning 
and sorting of seed is necessary only for 
commercial operations. When legumes are 
used, the seed is typically inoculated with 
nitrogen-fixing bacteria. The ideal time to 
collect seed is under dry conditions just 
before the seeds begin to disperse natural- 
ly, which is usually 6 to 8 weeks after 
blooming. The seed should be spread out 
and allowed to dry thoroughly for 1 to 2 
weeks immediately after collection Store 



Time-Saver Standards tor Landscape Architecture 



640-19 



seeds in dry, ventilated locations. Fabric 
containers are better than plastic bags. 

Seed is planted by broadcasting, 
hydroseeding, or drilling (Figure 640-20). 
Broadcasting requires at least twice as 
much seed as drilling, and poorer sites need 
more seed than favorable sites Seeding 
rates are based on the number of individual 
plants CPLS) desired per square meter (ff) 
[converted to kilograms (lbs) of seed per 
area]. The formula for calculating the seed- 
ing rate is as follows: 10 000m-' (43,560 ft') 
X PLS desired per square meter (ft J ) -r seeds 
per kilogram (lb) X purity X germination = 
planting rate of commercial seeds in Kg/ha 
(lbs/ acre). 

In arid areas, it is important to drill the 
seed 5 to 10 mm (V* to V2 in) under the 
surface to prevent germinating seeds from 
drying out It is important that the seedbed 
be firm; otherwise, its moisture holding 
capacity will be reduced Rolling before 
and/or after seed placement is beneficial. 

Broadcasting is the least expensive and 
fastest seeding method; it is not so depen- 
dent upon surface conditions and it has the 
advantage of handling uncleaned seed. 
Broadcasting can also be accomplished 
aerially. When broadcasting or hydraulical- 
ly applying seed, the seeding rate should be 
doubled compared to drill seeding rates 
Broadcast seeding may be effective in arid 
areas under the following conditions: 

1 . On loose soil where sloughing will cover 
the seed 

2. Following plowing or disking 

3. Ahead of mechanical treatment provid- 
ing seed coverage 

4. In deep ashes after burns 

5 Under deciduous trees prior to leaf fall 
Planting Schedules: 

In general, the best season to plant is just 
prior to the season that receives the most 
dependable precipitation, usually spring or 
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Figure 640-26. Range fencing methods. 

fail in North America. Cover can be estab- 
lished during any part of the growing period 
when moisture is available and by proper 
selection of species. Perennial grasses that 
grow in cool seasons usually do better when 
planted in the fall, legumes and woody 
plants do better when planted in the spring; 
some annuals can be successful when plant- 
ed in mid to late summer. In critical areas, 
clear plastic may be used as a temporary 
way to increase seed germination. This 
material helps preserve soil moisture and will 
increase early and late season soil tempera- 
tures, but it requires careful management to 
prevent excessive temperatures in some 
areas. Table 640-4 lists grass species recom- 



reclamation 



7.0 ESTABLISHMENT AND 
MAINTENANCE OF 
VEGETATION 



Figures 640-21 through 640-26 illustrate a 
variety of techniques for transplanting, 
watering, and protecting vegetation. 

Once plant materials are established, the 
following management practices can help 
achieve desired densities and relatively sta- 
ble conditions: 

1. Supplemental watering (particularly 
important for trees and shrubs In arid 
areas) 
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1. Commonly used plants for temporary erosion control include annual grasses such as 
annual ryegrass, barley field brome, oats, winter rye, wheat, sorghums, and millets 
(Table 640-4). 

2. A process of ecological succession can be promoted by using a wide variety of plant 
materials, thus facilitating gradual changes in the communities of plants. 

3. The formula for calculating seeding rates is as follows: 10 COO mr (43,560 ft J ) X PLS 
(number of plants) desired per square meter (ft-) divided by seeds per kilogram (lb) 
X purity X germination=planting rate of commercial seeds in kilograms per hectare 
(lb/acre). 



2. Periodic fertilization to Increase plant 
vigor 

3. Mowing or burning to favor perennials 

4. Fencing, screening, and the use of 
chemical repellents (Table 640-5) and 
poisons for pest control 

5. Providing roosts and rockpiles to encour- 
age natural predator control 
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1.0 INTRODUCTION 



This section provides design and plan- 
ning guidelines for the reduction or 
elimination of unwanted sound in the 
landscape. Because sound control is a very 
large subject, the amount of technical 
information presented here is necessarily 
limited. However, sources of additional 
information are listed under References at 
the end of this section. Regulations and 
standards for noise abatement and acousti- 
cal planning are not common, but an inves- 
tigation of local ordinances is nevertheless 
essential when one is involved in any land 
use planning project. 

The science of sound control in the land- 
scape involves much more than the simple 
quantification of data. The quality of sound 
may be as important as the quantity of 
sound. Some sounds can have profound 
psychological effects on people. For exam- 
ple, the constant drone of cars on a high- 
way is rarely as offensive as the squealing 
of brakes at an intersection. Masking 
unwanted sound (by falling water, for 
instance) is a technique which can mitigate 
noise disturbance by modifying the quality 
of the sound received by the ear. 

1,1 Basic Approaches to Sound 
Control 

Two approaches to sound control in the 
landscape include acoustical planning, 
where potential noise problems are mini- 
mized during design stages, prior to any 
construction, and retrofitting, where noise 
problems are mitigated by alteration to 
existing developments. 



Acoustical Planning (Preplanning): 

Where acoustical planning is possible, set- 
backs and other methods can be employed 
to minimize sound transmissions. 
Acoustical planning should be part of any 
land use planning project, especially with 
such major projects as airports, highways, 
and railroads. Acoustical models should be 
developed and tested to assess the plan- 
ning implications both on and off the prop- 
erty. 

Acoustical planning is more desirable 
than retrofitting, because as potential noise 
problems are identified, cost-saving mitiga- 
tive measures can be taken to reduce noise 
levels to acceptable standards while at the 
same time designing a physical landscape 
with improved visual qualities. This can be 
achieved, for instance, through grading 
concepts that retain significant natural 
landforms and existing vegetation, as well 
as incorporate noise buffer mounds where 
necessary. Preplanning can accommodate 
public and private interests by reducing 
noise to acceptable levels, while retaining 
landscapes of high quality. 

Retrofitting: 

Acoustical planning principles can also be 
effectively applied to existing development, 
but the aesthetic results are often unattrac- 
tive. Establishing adequate rights-of-way or 
buffer zones is difficult, typically including 
architectural barriers or walls. Capital con- 
struction and eventual maintenance costs 
can become limiting factors. 



1.2 Acoustic Variables 

Three acoustic variables to address when 
attempting to minimize noise problems in 
the landscape are: (1) the source of the 
sound, (2) the path and distance of the 
sound transmission, and (3) the receiver of 
the sound. 

Source of the Sound: 

Most noise can be modified by acoustical 
treatment at its source; however, this is 
often not as economically feasible as con- 
trol of noise by various landscape planning 
techniques. 

Path and Distance of Sound Transmission: 

The path and the distance of sound trans- 
mission constitute an important variable in 
any strategy of noise reduction. A valley or 
a downwind site, for instance, can make 
any development located in these areas 
more susceptible to noise. Valleys and 
ravines can exacerbate conditions by chan- 
nelizing sound waves. Such topographic 
conditions can present problems when 
intensively used highways or railways cross 
a valley, for instance Analyses of topo- 
graphic and climatic factors are required to 
assess the directions of sound transmission. 

Receiver of the Sound: 

People who are accustomed to quiet land- 
scapes are significantly less tolerant of noise 
than people accustomed to suburban or 
urban environments Masking of noise can 
sometimes be accomplished by introducing 
pleasant sounds, such as the sound of flow- 
ing water or rustling leaves. 



2.0 PHYSICS OF SOUND 



Table 660-1. TYPICAL SOUND LEVELS OF EVERYDAY OCCURANCES 
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2.1 Nature of Sound Waves 

Sound waves are generated by any pulsa- 
tion or vibration of a source. The surround- 
ing air is disturbed, thereby causing pres- 
sure changes which can be heard The 
greater the change in pressure, the louder 
the sound. 

The rate of repetition of these sound 
waves is referred to as frequency. It is mea- 
sured in cycles per second or units of hertz 
(Hz). The normal audible range for humans 
is 20 to 20,000 Hz. 

2.2 Sound Pressures and Decibels 

Although the human ear acts like a sound 
filter by discriminating against some fre- 
quencies and giving preference to others, 
the range of sound pressure which the 
human ear can detect is relatively broad 
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Given this broad range, the measurement 
of sound is made more convenient by use 
of a logarithmic scale called the decibel (dB) 
scale. 

To simulate human hearing, a sound 
measuring instrument is equipped with an 
electronic A-weighting filter which corre- 
sponds to human detection of sound. 
Sound pressure levels measured with the A- 
weighting filter switched on are given in 
dB(A). 

Table 660-1 lists typical sound levels of 
everyday occurrences. 



3.0 NOISE 



3.1 Definition and Sources of Noise 

Under all circumstances, any unwanted, 
unpleasant, loud, or harsh sound is referred 
to as noise. 

Table 660-2 summarizes a noise survey 
carried out in London, England This survey 
and more recent studies confirm that vehic- 
ular traffic is the major source of urban 
noise. 

3.2 Psychological Response to 
Noise 

Although the acceptability of the type and 
level of noise is highly subjective, noise 
often disturbs people by interfering with 
communication, sleep, and other everyday 
activities. Noise can also cause physical dis- 
comfort and, if intense enough, can cause 
damage to hearing. People are usually 
annoyed more by high-frequency sound 
than by low-frequency sound by certain 
tonal qualities (e.g., whines, hisses, or 
squeals), by impulsive sound (e.g., bangs 
and clanks), and by intermittent sound. 
Any frequent or continuous exposure to 
noise can lead to a reduction of human effi- 
ciency by a deterioration of physical and 
emotional well-being 

3.3 Units of Noise Measurement 

The A-weighted sound level [db(A)J is typ- 
ically used to measure sound levels in envi- 
ronmental studies. It is good practice to 
state the mode of measurement used when 
referring to noise levels measured with a 
meter (i.e., slow, fast, or peak) Three noise 
descriptions are: Uq, L D „, and Ln- 

L eq (Equivalent Noise Level): 

Even though noise levels may be fluctuat- 
ing continuously, a single-figure dB(A) 
measurement will only refer to noise levels 
at a particular point in time. To use a single, 
or equivalent, level which has the same 



Table 660-2. NOISE SURVEY (LONDON, EARLY 1960'S) 
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effect on human ears, the average sound 
energy of the fluctuating noise is calculat- 
ed. This is termed the equivalent energy 
concept, and the single-figure level, mea- 
sured in units of dB(A), is called the equiv- 
alent noise level, or L«|. L^ can be deter- 
mined over any time period and is usually 
expressed in brackets, e.g., Leq (1 hour). 
Instruments are commercially available 
which measure L«, directly. 

L dr , (Day-Night Equivalent Noise Level): 

The day-night equivalent noise level Ldn is a 
noise unit which is obtained by combining 
the equivalent energy level for the daytime 
period (07:00 to 22:00 hours) with the 
equivalent energy level for nighttime 
(22:00 to 07:00 hours). Because noise at 
night is more disturbing and more annoy- 
ing than noise during the day, a weighting 
factor of 10 is applied to the nighttime 
noise. 

L„ (Noise Level): 

The noise level L„ refers to that level 
which is exceeded for n percent of the 
measurement time period. L n is used to 
provide statistical information about a 
fluctuating noise signal. Some representa- 
tive examples of L n are Lio (peak), L50, 
and L90 (ambient). 



4.0 NOISE ESTIMATIONS AND 
CALCULATIONS 



To assess the potential impact of noise from 
a proposed major facility such as a new 
highway or airport expansion, noise levels 
must be predicted Common sources of 
noise and characteristics from which calcu- 
lations can be made are descnbed below. 



Table 660-3. 

CALCULATING DIFFERENCES 
BETWEEN DECIBEL LEVELS 
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4.1 Traffic Noise 

Noise generated by traffic depends on: 

1 . Volume 

2. Mix (e.g . cars and trucks) 

3. Speed 

4. Road characteristics (e.g., gradient 
and surface) 

Noise propagated to a receiver depends on: 

1 . Distance from traffic 

2. Type of ground 

3. Height of receiver 

4. Amount of shielding 

5. Height of source 

The easiest way to incorporate all these 
variables in any calculation is by use of a 
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computer, especially if a large number of 
positions along a road have to be consid- 
ered. Several calculation methods are avail- 
able. A guide which gives detailed instruc- 
tions for both a manual and a computer 
method of noise prediction has been pro- 
duced in Alberta, Canada. The L eq nomo- 
graph shown in Figure 660-1 can be used 
to illustrate a simple example as follows; 

1 . A straight line is drawn from the start- 
ing point through 60 mph on the auto 
speed scale to the turn line. 

2. A second straight line is drawn from 
this turning point to the point on the 
volume scale indicating 5000 vehicles 
per hour. The intersection of this 
straight line with the pivot line is 
boxed, 

3. A third straight line is drawn from this 
box to the 500 ft point on the dis- 
tance scale. 

4. The intersection of this line with the 
Leq scale gives the predicted Uq at the 
observer: 65 dB(A). 

This method can be repeated for both 
medium and heavy trucks, and the resultant 
of all three values is obtained by using the dB 
additions method shown in Table 660-3. 

A completed calculation of noise predic- 
tion involves additional calculations which 
take into account road and noise propaga- 
tion characteristics. A comprehensive traffic 
noise study typically involves calculating 
the Leq for both the day and night periods 
and then combining them to obtain the Ldn. 

4.2 Train Noise 

The L q nomograph used for traffic noise 
can also be used for train noise prediction 
(Figure 660-1). Adjustments to the basic 
calculated level have to be made for such 
factors as the existence of welded tracks or 
whether or not the railway crosses a steel 
structure (i.e., an overpass). 

4.3 Aircraft Noise 

Aircraft noise predictions are usually repre- 
sented by a set of noise contours for areas 
surrounding the airport. Several methods 
for rating aircraft noise exposure have been 
developed, including: 

NEF noise exposure forecast 

NNI noise and number index 

CNR composite noise rating 

Ldn day-night sound level 
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Figure 660-1. L eq Nomograph, fnis nomograph can be used to predict noise levels 
of vehicular traffic. The L eq scale gives the predicted Leq at the observer. 
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UNACCEPTABLE 

Noise exposure Is 90 severe that sound Insulation 
costs would bo prohibitive, and outdoor environment 
would be excessively noisy. 



NORMALLY UNACCEPTABLE 
Noise exposure Is significantly more severe. 
Indoor conditions unacceptable unless adequate 
sound Insulation Is provided. Outdoor recreation 
space may have to be sheltered. 
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Noise exposure may cause some concern but 
construction complying with "Residential Standards'" 
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Referring to Canadian Centml Mortgage and Mousing Corporation standard* 



Figure 660-3. Noise levels at building facade. T/7/s chart shows noise standards 
developed by the Canada Mortgage and Housing Corporation for evaluation of proposed 
residential development within its jurisdiction (Canada Mortgage and Housing 
Corporation, Ottawa, Canada, 1979). 
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Table 660-5. COMMUNITY REACTION TO AIRCRAFT NOISE 

response prediction 

> 40 Repeated and vigorous mdividu.il COmptailltS are likely. Concerned 

group and legal a< lion might be expected. 
35 40 Individual complaints may be vigorous. Croup aclion and appeals 

lo authorities might result. 
30-J5 Sporadic to repealed individual i omplatnts Croup aclion is 

possible. 

< tl) Sporadic complaints may occur. Noise may interfere occasionally 

with resident's activities. 



Table 660-4. ACCEPTABLE NOISE 
LEVELS FOR RESIDENTIAL AND 
OUTDOOR RECREATION ENVIRON- 
MENTS. 
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The first three of these are similar 
because they combine many factors into a 
single number evaluation The formulas 
require information about the types of air- 
craft using the airport, the number of 
movements, and the amount of noise gen- 
erated, measured in terms of effective per- 
ceived noise decibels (EPN dB). 

The Un method of aircraft noise annoy- 
ance assessment has been adopted in the 
United States. This is the same unit as 
described in 3.3 Units of Noise 
Measurement in this section. 

4.4 Industrial Noise 

Industrial installations generate noise from 
a wide variety of sources, such as fans, 
blowers, transformers, heating and venti- 
lating systems, and reciprocating or turbine 
engines. Methods for estimating noise 
emission and for controlling noise are 
therefore varied. For a useful description of 
various methods, refer to Harris in the 
References at the end of this section. 



5.0 NOISE CONTROL STANDARDS 



Noise control legislation in North America 
can be found at federal, provincial/state, 
and local levels. Regulations commonly 
deal with the following: 

1. Transportation 

2. Source emission (maximum levels) 

3. Nuisance 

4. Zoning 

5. Recreational areas 

5.1 Acceptable Sound Levels in 
Residential and Recreational 
Environments 

Table 660-4 shows maximum acceptable 
levels of road and rail traffic noise for resi- 
dential environments and outdoor recre- 



ational areas, as recommended by the 
Canadian Central Mortgage and Housing 
Corporation (CMHC), (Note that this is the 
recommendation of only one authority.) 

5.2 Noise Rating 

The International Standards Organization 
document ISO 1996 (1971) shows how to 
assess the following: 

1 . The acceptability of a noise level 

2. The setting of noise limits 

3 Appropriate noise criteria 

The ISO document uses a basic criterion 
of 35 to 45 dB(A) for residential purposes. 
Corrections to this are applied for different 
times of the day and for different commu- 
nity zones. In order to establish the accept- 
ability of a measured noise level (called the 
rating level), this criterion is used for com- 
parative purposes. 

5.3 Sound Level Zoning and Land 
Use Planning 

Sound level zoning, or acoustical planning, 
refers to the separation between the source 
of noise and the receivers of that noise 
(usually in residential areas). Such planning 
is accomplished by categorizing various 
land uses in a developing community, and 
then prescribing design noise levels not to 
be exceeded in any particular area. In this 
manner, sensitive buildings such as schools, 
churches, and hospitals can be separated 
from industrial areas and traffic noise. In 
established communities, however, acousti- 
cal planning is usually a difficult concept to 
implement. Certain types of activity and 
development have to be restricted, prohib- 
ited, or confined to certain areas to meet 
planning requirements. Of current interest 
is the retrofitting of highways with noise 
barriers to reduce noise levels in surround- 
ing residential areas. 



In most cases, local, state, or federal 
governments have noise control standards 
for various types of land use. For example, 
the CMHC recognizes three different cate- 
gories of noise level (Lcq/24 hours) at the 
building facade and applies the following 
recommended policy to new residential 
development (Figure 660-2): 

1. In the lower noise zone, where the 
noise level is between 45 and 55 dB 
(Figure 660-2), new housing con- 
struction meeting Canada's National 
Housing Act Residential Standards is 
considered to have sufficient sound 
insulation. 

2. In the intermediate noise zone, 
between 55 and 75 dB (Figure 660-2), 
housing shall be denied financing under 
the National Housing Act unless special 
and adequate sound insulation is pro- 
vided. 

3. In the upper noise zone, where the 
level exceeds 75 dB (Figure 660-2), 
financing for housing shall be denied 
under the National Housing Act. 

The Canadian Ministry of Transport has 
implemented the guidelines shown in Table 
660-5 for assessing likely community reac- 
tion to noise created by aircraft. 



6,0 CONTROL OF NOISE 
OUTDOORS 



Measures to control noise can be divided 
into three categories, each of which can be 
addressed in a noise control strategy. These 

are: 

1. Source of the sound 

2. Path and distance of the sound trans- 
mission 

3. Receiver of the sound 
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Figure 660-3. Effect of distance from a line source. This chart shows the amount 
to be subtracted from a sound power level at the source in order to determine the sound 
level at some distance. Note that sound levels determined with this graph are unreliable 
if at distances less than three major dimensions from the source, and if the source radi- 
ates sound in a marked directional manner. 



At sufficient distances, all noise sources 
can be considered a point source Thus, the 
sound level at a receiver can be calculated 
by the following equation: 

L () = Ut ■ (20 log R) ■ 8 

where: 

Lp =sound level at receiver, dB(A) 

U, = sound level of source, dB(A) (If the 
noise is caused by a machine, the 
value of U can sometimes be 
obtained from the manufacturer.) 

R ■ distance between source and receiv 
er, (ft) (A useful criterion for a suffi 
cient distance is that R should be 
greater than the sum of the three prin 
ciple dimensions of the source. At dis 
tances less than this, the equation is 
unreliable.) 

Figure 660-3 shows how the sound level 
given by the above equation can be 
obtained graphically. 

Example (Figure 660-3): Given a weld- 
ing machine with a sound level of 110 
dB(A), the sound level 50 m (164 ft) away 
is determined. The graph shows that, at 
distance, 42 dB(A) can be subtracted from 
the sound level at the source [110 dB(A)J, 



Figure 660-4. Sound level attenua- 
tion as a function of diffraction 
angle. 

6.1 Source of the Sound 

Noise can be reduced at the source either 
by architecture or equipment modification. 
In some instances the amount of noise gen- 
erated is so great that it is rarely cost-effec- 
tive or feasible to abate the noise at the 
source. In such cases a combination of 
other acoustical control measures may be 
required. 

6.2 Path and Distance of the Sound 
Transmission 

Noise can be attenuated by increasing the 
distance between the source and the 
receiver and/or by introducing noise 
screening. 



resulting in a sound level at the receiver of 
68 dB(A). 

Effect of Distance from a Point Source: 

Referring to the above example, note that 
each time the distance is doubled, the 
sound level falls off by 6 dB(A). Therefore, 
if the distance away from the same weld- 
ing machine were increased to 100 m (300 
ft), the sound level would be 62 dB(A). 

Effect of Distance from a Line Source: 

For line sources such as trains or continu- 
ous traffic, the sound level will decay by 3 
dB(A) per doubling of distance, up to a dis- 
tance of about half the length of the line 
source. 

Other Effects (Point and Line Sources): 

The dependence on distance given above 
is for propagation of noise over hard 
ground (such as pavement), or for an ele- 
vated source or receiver over soft ground 
(such as a grassy field or a garden). The 
decay rate over soft ground, when both 
source and receiver are less than 2 m (6 ft) 
above the ground, is increased by 1-1/2 dB 
per doubling of distance. Sound levels and 
attenuation over a distance may also vary 
substantially according to wind, air turbu- 
lence, and temperature. These effects are 
difficult to predict. 

6.3 Sound Barriers 

The degree of attenuation provided by a 
noise barrier is mainly a function of (1) the 
diffraction angle a through which the 
sound path must be bent in order to get 
from source to receiver and (2) the fre- 
quency of the sound source (Figure 660-4) 

Five main factors that Influence the 
acoustic effectiveness of a barrier are: (1) 
distance (offset). (2) height, (3) continuity, 
(4) length, and (5) mass. 

An additional factor influencing the 
acoustic effectiveness of a barrier is the 
sound absorption capability of the barrier, 
i.e., the degree to which it minimizes reflec- 
tion of sound. 

Distance (Placement of Barrier): 

A sound barrier should be erected as close 
as possible to either the noise source or the 
receiving position in order to maximize the 
diffraction angle (Figure 660-5). 

Hei&lt of Barrier: 

The minimum height of the barrier should be 
such that the line of sight between source 
and receiver is interrupted (Figure 660-6). 
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Figure 660-5. Distance as a variable influencing the 
effectiveness of a noise barrier. Barriers should be placed to 
maximize the diffraction angle. 



Figure 660-6. Height as a variable influencing the effec- 
tiveness of a noise barrier. Barriers should be placed to inter- 
rupt lines ol sight. 



Continuity of Barrier: 

No gaps or holes should be present In a 
noise barrier. It must be effectively airtight 
(Figure 660-7). 

Length of Barrier: 

As a guideline, the length of a noise barrier 
should be at least 1 to 2 times the distance 
between the barrier and the protected 



structure to minimize sound diffraction 
around the ends of the barrier (Figure 660-8). 

Physical Mass of a Barrier (Material): 

To minimize sound passing through a barrier, 
it should have a surface weight, or mass, of 
at least 6 to 12 kg/m ; . A noise level reduc- 
tion of 10 to 15 dB(A) is possible with such a 



Noise can be attenuated by increasing the distance between the source and the 
receiver and/or by introducing noise screening. Table 660-4 lists acceptable noise lev- 
els for residential and recreational environments. Table 660-1 lists typical sound lev- 
els of various noise generators. 

1. Generally speaking, each time the distance from a point source of sound is doubled, 
the sound level falls off by 6 d6(A). Each time the distance from a line source, such 
as a roadway, is doubled, the sound level will decay by 3 dB(A). The type of ground 
surface, wind, and temperature will further modify these sound levels. 

2. Five mam factors that influence the effectiveness of a noise barrier wall are distance, 
height, continuity, length, and mass. Figures 660-5 through 660-8 illlustrate the 
influence of these factors 

3. Earth berms can be an effective noise reduction technique (Figure 660-9 and 660- 
10). They may be used in combination with barrier walls to achieve the desired 
effect (Figure 660-12). 

4. Dense plantings of trees with an understory of shrubs can result In a reduction of 3 
to 5 dB(A) per 30 m (100 ft) of depth from the sound source (Figure 660-12). Areas 
covered with grass or other types of groundcover will absorb more sound than hard, 
paved surfaces. 

5. In addition to specially constructed devices, the use of existing or proposed buildings 
to shield others that are more sensitive, and the use of natural or constructed land- 
scape features, can be effective sound control techniques. 



barrier; however, a reduction of 5 to 10 
dB(A) is considered to be more cost-effective 

6.4 Earth Berms 

The careful design and situation of earth 
berms can be an effective way of reducing 
noise from traffic or construction opera- 
tions. Berms can either be temporary or 
remain as a permanent feature of the land- 
scape (Figures 660-9 and 660-10). The slope 
of a berm depends on the type of surface 
treatment or maintenance involved. For 
instance, a mowed grass berm is easier to 
maintain if graded to a slope of 1 :3 or less, 

6.5 Barrier Walls and Earth Berms 

Barrier walls can be used separately or in 
combination with earth berms to minimize 
noise levels (Figure 660-11). 

6.6 Vegetation 

The type of ground surface over which 
sound travels does have a substantial effect 
on sound attenuation, particularly when 

traveling over large distances. Areas covered 
wilh grass or other types of groundcover are 
more absorptive than hard, paved surfaces, 
which tend to reflect the sound. Taller plant- 
ings, such as hedges or shallow screen plant- 
ings (even though they may completely 
block the view of the noise source), will not 
significantly reduce actual noise levels. 
However, dense plantings of trees with an 
understory of shrubs can result in a reduction 
of 3 to 5 dB(A) per 30 m (100 ft) of depth 
from the sound source (Figure 660-12). 



a 



o 

O 
VD 



Time-Saver Standards tor Landscape Architecture 



660-8 




Figure 660-7. Continuity as a variable influencing the 
effectiveness of a noise barrier. Barriers should be solid rather 
than perforated. 



Figure 660-8. Length as a variable influencing the effec- 
tiveness of a noise barrier. Barriers should extend beyond the 
protected structure to minimize sound diffraction around the ends 
of the barrier. 
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Figure 660-9. Earth berms for noise 

chologtcal relief from noise and also help to 

The primary value of vegetation in con- 
nection with sound control in the landscape 
is for its aesthetic and psychological appeal. 
Perhaps the most important value of plant- 
ing is to make barrier walls, berms. and 
other sound control devices seem less visu- 
ally intrusive in the landscape. 

6.7 Building Layout and Site 
Selection 

Specially constructed noise barriers are 
expensive, but fortunately are not the only 
means available for noise control. Other 
means available include: 

1 . The use of existing or proposed build- 
ings to shield others that are more 
sensitive 

2. The use of natural or constructed 
landscape features (hills and valleys, 
earth berms, etc.) 



I. Earth berms and walls can help control wind and noise. Plantings can provide psy- 
control wind. 



3. The optimization of other site plan- 
ning or design criteria (discussed in 
7.0. which follows) 



DESIGN PRINCIPLES 



7,1 Design Criteria 

The three most important criteria for noise 
barrier design are acoustic effectiveness, 
economic feasibility, and visual attractive- 
ness. Acoustic criteria include the site plan- 
ning objectives, the choice of barrier mate- 
rial, and the quality of construction. 
Economic criteria include the cost of mate- 
rials and labor, implementation ease, and 
operating and maintenance costs. Visual 
criteria include environmentally acceptable 
alternatives for highway users as well as for 
people who have lo live near the barriers. 

The design of noise barriers should 
incorporate both the functional require- 
ments and the aesthetic preferences of all 



who are affected. In the case of a highway, 
for instance, both the actual users of the 
highway as well as the users of adjacent 
lands are factors to consider. Design criteria 
are not limited to aesthetic concerns alone 
but should also address a set of program 
objectives established for the roadway, tak- 
ing into account the views to both natural 
and built surroundings. Noise barriers can 
aid driver orientation and decision making 
and provide sequential visual experiences. 
They should integrate well with the existing 
landscape and promote feelings of security 
and comfort for both drivers and passen- 
gers. 

7.2 Aesthetic Issues 

Noise barriers along highway corridors 
should be seen as elements which define 
and enclose linear space. Visual perception 
in these corridors will be influenced by trav- 
el speed, light, spatial quality, location, 
physical distances, roadway characteristics, 
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Figure 660-10. Earth berms for noise control. Various types of embankments can be used to maximize diffraction angles. 
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Figure 660-11. Barrier wall or combination of wait and berm. \Q 
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Figure 660-12. Vegetation as a noise barrier. Vegetation will not significantly reduce sound levels unless plantings are dense and 
30 m (TOO ft) deep or greater. 
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Figure 660-13. The apparent height of a wall. A 

combination of vertical and horizontal lines in a wall (i.e., 
articulation and texture rather than a monolithic mass) 
can reduce the apparent height of the wall. 
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Figure 660-14. Stepped-back wall. A wall which steps back can 
open up the view for the motorist and provide psychological relief from 
feelings of tight enclosure. 
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and viewing height, all modified by the 
basic design elements of planes, mass, and 
texture. 

Planes: 

Planes are an important element in noise 
barrier design. In highway design, for 
instance, where minimal rights-of-way 
exist, barriers can provoke feelings of 
excessive enclosure or give a monotonous 
appearance. In such circumstances, it is 
necessary to create variety and interest in 
the design of the barriers and related land- 
scape by changing the textures, choosing 
different materials, using color, and articu- 
lating the forms (Figure 660-13). 



Mass: 

Mass refers to the form and shape of a barri- 
er. Massive, unrelieved forms can sometimes 
arouse uncomfortable feelings of claustro- 
phobia or insecurity (Figure 660-14). 

The apparent mass of a noise barrier can 
be minimized by means of stepped wall 
sections, staggered alignments, plantings, 
shadow lines or reveals, color vanation, 
articulation of form, and integration with 
landform (Figure 660-15) 

Texture: 

Texture is a visual, surficial quality referring 
to the extent of detail of a material or 
design (Figure 660-16). Increased speed of 
travel, angle of vision, and distance from an 



object all tend to decrease the apparent 
degree of texture Surfaces that are rela- 
tively smooth (i.e., fine-textured) not only 
cause undesirable reflections of light and 
sound but also promote monotony in the 
landscape (Figure 660-17). 



8.0 DESIGN APPLICATION 
(CASE STUDIES) 



To illustrate the application of noise abate- 
ment techniques and design principles, four 
case studies are presented below All four 
cases are assumed to be based upon pre- 
planned sites. 
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Table 660-6. ASSESSMENT OF COMMUNITY RESPONSE TO VARIOUS 
NOISE LEVELS 
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Figure 660-15. Visual diversity along 
highways. Wall design and plantings can 
be composed to provide interesting visual 
sequences along highway corridors. Scale 
is important. 
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Figure 660-16. Wall texture. Fine-tex- 
tured walls are often monotonous, and 
may cause problems of reflective glare. 
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Figure 660-17. Coarse-textured walls 
minimize reflective glare and provide 
visual diversity along highways. 

Plantings can also be used to minimize 
glare and enhance visual diversity. 

8.1 Recreational Development 
{Example Problem) 

Description: 

A major highway is proposed on the 
periphery of a proposed recreational park 
Prior to development, it is necessary to 
assess the likely impact of traffic noise on 
the park (Figure 660-18). 

Procedure: 

1 . Existing L«i ambient noise levels at 12 
positions in the park are measured at 
morning, evening, and night (Figure 
660-19). 

2. Projected traffic volumes for the pro- 
posed highway are obtained and used 



to predict traffic noise levels at various 
distances throughout the park. 

3. The existing and predicted noise lev- 
els are compared, and an impact cat- 
egory is assigned to each of the 12 
positions in the park according to 
Table 660-6 

4. An analysis of park program compo- 
nents is completed to assess plan rela- 
tionships and sensitivity to noise. 

5. A conceptual land use plan is pre- 
pared. The plan includes considera- 
tion of future noise levels for each 
program element, utilization of exist- 
ing and proposed vegetation for noise 
buffering [30 m (100 ft) minimum], 
and placement of the least noise sen- 
sitive facilities in the noisiest zones 
(e.g., parking lot, park building, and 
active recreational areas). 

8.2 Residential Development 
(Example Problem) 

Description: 

A housing development is proposed next to 
an existing major highway, A noise limit of 
Ldn 60 dB(A) at the facades of the nearest 
houses is required (Figure 660-20). 

Procedure: 

1. Computer predictions show that with 
no noise screening, traffic noise levels 
would be 8 dB(A) above the limit. 

2. The relative ground heights of the 
housing lots and the roadway vary 
along the length of the development. 
Sections are taken along this length 
and the height and position of berms 
and/or barrier walls are tested (Figure 
660-21). 

3. In the final design of the site plan, an 
earth berm solution is chosen. Care is 
given to its layout and form in order to 
minimize monotonous elevations and 
to ensure that slopes can be easily 
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Table 660-7. NOISE LEVEL DATA AT SITE FOR VARIOUS PHASES OF MINING (EXAMPLE PROBLEM) 
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Figure 660-18. Acoustical site planning (example problem). In this example, the 
noise-insensitive area (parking tot) is used as a buffer zone between the highway and the 
recreational areas. 
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maintained. A variety of shrub and tree 
species is recommended to enhance 
the visual quality of the berm. 

In the overall site plan of the communi- 
ty, the concern for sound control results in 
the integration of open space with the 
noise berm; this includes a pedestrian walk- 
way, playground areas, and infill buffer 
planting. Housing units are laid out in clus- 
ters to maximize open space and to mini- 
mize the undesirable visual effects of a 



long, continuous facade. The buildings are 
used as shielding elements, and the spaces 
within the clusters are oriented away from 
noise sources to prevent a reverberation of 
sound within the spaces, 

8.3 Industrial Development: Open- 
Pit Mine (Example Problem) 

Description: 

The development and operation of an 
open -pit coal mine is proposed in an area 



close to existing residential areas. Noise levels 
from earthmoving. blasting, transportation, 
and coal processing are a major concern. 

Procedure: 

1. A baseline survey is undertaken to 
measure existing L rq ambient noise 
levels at 10 selected locations in the 
vicinity of the proposed mine. 

2. Noise level data for each type of 
equipment to be used during the var- 
ious phases of mining are compiled in 
Table 660-7. These data are then plot- 
ted on the community map to produce 
noise contours of the noise levels that 
can be expected at any place in the 
community (Figure 660-22). 

3. Groups of dwellings where noise 
intrusion is expected to be a problem 
are identified. 

4. Various methods of noise control are 
recommended, depending on the 
extent of expected intrusion. These 
include: 

a. Choice of quieter equipment 

b. Design of noise berms or other 
sound control structures where 
appropriate 

c. Acoustic insulation of certain 
dwellings 

d Restriction of some mining opera- 
tions to certain hours of the day 
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Figure 660-19. Existing Icq ambient noise levels (example problem). Noise lev- 
els, are measured at twelve different places in the park. Small circles refer to morning, 
evening, and nighttime readings. 
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Figure 660-20. Acoustical site planning (example problem). In this example, a 
greenbelt is used as a noise buffer between the major highway and the proposed resi- 
dential development 



e. Choice of transportation routes to 
minimize the extent of truck use in 
or near residential areas 

8.4 Industrial Development: Steel 
Plant (Example Problem) 

Description: 

A steel mill is proposed adjacent to existing 
public recreational areas and a small rural 
community. Noise levels during the con- 
struction phase and afterwards from the 
operation of either blast or electric reduc- 



tion furnaces are of great concern to the 
community and the regulating agencies 
(Figure 660-23). 

Procedure: 

1 . A baseline survey Is undertaken to 
measure existing Leq ambient noise 
levels at selected locations within the 
existing recreational and residential 
areas. 



2 Noise level data for the proposed 
blast and electric arc furnaces are col- 
lected 

3 A generalized site master plan evalua- 
tion is prepared to assess the most 
desirable location for the proposed 
furnaces. 

4 After establishing the most feasible 
site locations, calculations of noise 
levels at the property line are made to 
determine where the levels would 
exceed 55 dB(A). 

5. For those areas where noise levels 
would exceed 55 dB(A), recommen- 
dations are prepared to reduce the 
noise by the preservation of wood lot 
stands and/or the design of earth 
berms, etc. 

6. Overall grading plans for the site are 
integrated with the requirements for 
earth berms to minimize construction 
costs. 

7. A parkway belt is created to separate 
the construction and plant traffic from 
the recreational and residential areas. 

The integration of noise berm design 
with a comprehensive master plan for the 
steel plant leads to the creation of a green- 
belt area, which is constructed for the 
advantage of the public with little addition- 
al cost to the owner. 



9.0 MAINTENANCE 
CONSIDERATIONS 



A major concern in the design of acoustical 
barriers is the long-term maintenance 
involved, Ease of access, intrusion on adja- 
cent property owners, durability of materials, 
minimum cost, ease of replacement, and 
visual appearances are the major considera- 
tions. Initial least-cost options may, in fact, 
have the highest cost when considering the 
implications of long-term maintenance. 

9.1 Earth Berms 

The development of earth berms as noise 
barriers requires the manipulation of land- 
forms and the stabilization of the soil. The 
manipulation of landforms involves careful 
consideration of the surrounding grading 
and drainage conditions. New grading 
should blend into existing landscape as 
much as possible. Slopes should not exceed 
1 :3 for ease of grass cutting and equipment 
access. Groundcovers other than grass may 
be used; they usually require less mainte- 
nance, although weed control can be a 
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Figure 660-21. Berm height design (example problem). Elevations are taken of all pertinent elements to determine whether 
or not diffraction angles are adequate, etc. 




Figure 660-22. Mine location and 
predicted noise contours (example 
problem). Contours show what noise lev- 
els can be expected at any location in the 
community. 



S: Barrier Design Principles 



Visual attractiveness is a critical criteria for barrier design, in order to be an acceptable 
strategy for area residents, as well as highway users. The manipulation of planes, mass, 
and texture will alter the visual perception of these barriers. 

1. A combination of vertical and horizontal lines can reduce the apparent height and 
monolithic appearance of the noise barrier. 

2. The apparent mass of a noise barrier can be minimized by use of stepped wall sections, 
staggered alignments, plantings, shadow lines, color variation, articulation of form, 
and integration with landform (Figure 660-15). 

3. Surfaces that are relatively smooth (i.e., fine-textured) not only cause undesirable 
reflections of light and sound but also promote monotony in the landscape (Figure 
660-17), Increased speed of travel, angle of vision, and distance from an object all 
tend to further decrease the apparent degree of texture. 



Time-Saver Standards for Landscape Architecture 



660-15 




Figure 660-23. Preplanning of grading (example problem). In this example, a greenbelt with noise berms buffers sensitive areas 
from industrial noise and visual intrusion, and also blends in integrally with existing public open space. 




Figure 660-24. Low-Maintenance ground covers for earth berms. Long-term, self-maintaining plant communities can be used 
as low-maintenance ground covers for earth berms. 
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Figure 660-25. 

lations of snow. 



Noise barriers and snow deposition. Rights-of-way should be established where possible to allow for accumu- 



O 



o 



major problem, especially in municipalities 
which have weed control legislation. 

Recently, there has been an increased 
use of various groundcovers, shrubs, and 
trees in an attempt to provide a long-term, 
self-maintaining natural plant community, 
although the initial maintenance require- 
ments can be higher (Figure 660-24). 

9.2 Barrier Walls 

The maintenance implications of noise bar- 
rier walls include such basic consideratins as 
access to both sides of the barriers and 
access to possible cutoff land. Design com- 
plexity, quality control during construction, 
and the choice of materials to minimize 
damage and abuse are factors that will 
affect long-term maintenance costs. As 
with berms, the location and alignment of 
noise barriers require study in order to pre- 
vent or reduce problems of snow drifting 
across roadways and walks, etc. (Figure 
660-25). 
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1.0 INTRODUCTION 



Piped water supplies are ordinarily 
used for: 

1 . Potable water for homes, schools, 
industries, etc. 

2. Fire fighting 

3. Nonagricultural irrigation (lawns and 
gardens) 

In many cases, all three uses are supplied 
by a single system of piping, although there 
are cases where all three are supplied by 
separate systems. 



2.0 STANDARDS AND CRITERIA 



2.1 Water Quality 

Water intended for human consumption 
must meet extensive physical, chemical, 
and biological standards for quality and 
reliability. These standards include color, 
taste, and transparency as well as freedom 
from bacteria and chemicals related to 
human or industrial wastes. 

Specific water quality standards are pub- 
lished in the United States by individual 
state and federal agencies, but there are 
variations between states and counties and 
these standards do change with time. Some 
existing public water supplies do not meet 
all the standards to which they are subject 
because (1) most of these standards are 
very conservative and (2) some are not 
related to public health or safety but rather 
to aesthetic qualities of water (e.g., the 
ease of use in washing machines). 

2.2 Water Quantity 

The amount of water used in various parts 
of the world varies with regional legal, and 
political traditions. For instance, in the 
northeastern United States the average 
water use is about 75 gal (285 L) per capi- 
ta per day in rural areas, and 150 gal (570 
U per capita per day in metropolitan areas. 
This is a region (1) where the English com- 
>^ mon-law tradition limits the right to water 
~ to nonconsumptive uses (use and return to 
n stream), (2) where little water is used for 
3 irrigation, and (3) where water supply sys- 
*" terns are funded entirely with local fees and 
^3 taxes In metropolitan areas of the sooth- 
's west, where the Spanish law tradition 

> grants preemptive rights to water on a first- 

> come-first-established basis, average (pub- 
licly supplied) water use is about 350 gal 

© (1 325 L) per capita per day. 



Table 710-1. PLANNING GUIDE FOR WATER 

Gallons per person per day 



Airports (per passenger) 5 

Apartments, multiple family (per resident) 60 

Bathhouses and swimming pools 10 
Camps. 

Construction, semipermanent 50 

Day (with no meals served) 15 

Luxury 100 

Resorts, day and night, with limited plumbing 50 

Campground with central comfort facilities 35 

Cottages and small dwellingswith seasonal occupancy 50 

Country clubs (per resident member) 100 

Country clubs (per nonresident member present) 25 

Dwellings: 

Boardinghouses 50 

Additional for nonresident boarders 10 

Luxury residences and estates 150 

Multiple-family apartments 60 

Rooming houses 40 

Single-family houses 75 

Factories (gallons per person per shift, exclusive of industrial waste) 35 

Highway rest area (per person) 5 

Hotels with private baths (two persons per room) 60 

Hotels without private baths 50 

Institutions other than hospitals (per person) 125 

Hospitals (per bed) 250+ 

Laundries, self-serviced (gallons per washing, I.e., per customer) 50 

Mobile home parks (per space) 250 

Motels with bath, toilet, and kitchen facilities (per bed space) 50 

Motels (per bed space) 40 

Picnic parks (toilet wastes only, per picnicker) 5 

Picnic with bathhouses, showers, and flush toilets (per picnicker) 10 

Restaurants with toilet facilities (per patron) 10 

Without toilet facilities (per patron) 3 

With bars and cocktail lounge (additional quantity per patron) 2 

Schools. 

Boarding (per pupil) 100 

Day, with cafeteria, gymnasiums, and showers (per pupil) 25 

Day, with cafeteria but no gymnasiums or showers (per pupil) 20 

Day, without cafeteria, gymnasiums, or showers (per pupil) 1 5 

Service stations (per vehicle) 1 

Stores (pei toilet room) 400 

Theaters. 

Drive-in (per car space) 5 

Movie (per auditorium seat) 5 

Trailers without individual baths and sewer pet person) 50 



2.3 Fire Fighting Requirements 

For fire fighting, the amount of water that 
should be immediately availabledparticular- 
ly the rate at which it should be capable of 
being delivered to any building or group of 
buildingsois a function of the size, density. 



Tables 710-1 and 710-2 illustrate the 
specific water requirements for various land 
uses and the rates of flow for various 
plumbing fixtures 
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Figure 710-1. Water supply system 
configuration for fire fighting. 
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Figure 710-2. Firefighting water sup- 
ply system configuration for highly 
valued development. 



and value of the building or group of build- 
ings. 

Successful fire fighting depends more on 
the speed with which coolant (water, typi- 
cally) can be applied to a fire rather than 
the total amount of water available. The 
key to success is the speed with which fire 



Table 710-2. RATES OF FLOW FOR CERTAIN PLUMBING, HOUSEHOLD. 
AND FARM FIXTURES. 



Location 


Flow pressure 
Kpa (psi) 


Flow rate, 1pm (gpm) 


Ordinary basin faucet 


55.2 (8) 


7.6 (2.0) 


Self-closing basin faucet 


55 .2 (8) 


9.2 (2.5) 


Sink faucet, 3/8- in 


55.2 (8) 


17.0 (4.5) 


Sink faucet, 1/2-in 


55.2 (8) 


17 (4.5) 


Bathtub faucet 


55.2 (8) 


22 7 (6.0) 


Laundry lub faucet, 1/2-m 


55 2 (8) 


5f)> 


Shower 


55.2 (8) 


18.9 (5.0) 


Ball-cock for closet 


55.2 (8) 


II ■;:,-! 0) 


Flush valve for closet 


103.4 (15) 


7-151. J IT! -40) 


Flushometer waive foi urinal 


103.4 115.) 


•i< " ; '! .0) 


Garden hose (50 ft, 3/4 -in sill fork) 


206,8 (30) 


18 9 (5.0) 


Garden hose (50 ft, 5/8-in outlet) 




12 6 (3 33) 


Drinking fountains 


103.4 (15) 


2 8 (0.75) 


Fire hose 1 1/2-in, 1/2-in nozzle 


206.8 (30) 


151.2 (40 0) 



• Flow pressure is the pressure in the supply near the faucet or water outlet while the faucet or 

water outlet ii wide open and flowing 
- Wide range is due to variation in design and type of closet flush valves. 
Source. EPA, Manual of Water Supply Systems. U.S. Government Printing Office, Washington, 

D.C1973. 
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Figure 710-3. Private water supply for fire fighting. 



fighting equipment can get onto the site 
and the rate at which water can be applied. 

To minimize damage, it is essential to 
apply coolant to the fire before any room is 
fully involved. This is usually done either 
with hand-held chemical extinguishers or 
with water carried to the site by fire trucks. 
These trucks typically have 500- to 1000- 



gal (1900- to 3800-L) water tanks and a 
booster hose coiled on a spool for immedi- 
ate use. 

Once a room or building is fully 
involved, larger amounts of water are nec- 
essary for control. In low-density residential 
areas, the ability to supply at least three 
full-size fire hose streams [500 to 750 gpm 
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Figure 710-4. Areas of the United States where rainfall exceeds evapotranspiration (inches). Note that west of the 
zero line there is generally no annual excess except in mountain areas and in the Pacific Northwest 



(1900 to 2840 Lpm)] is recommended. 
Figure 710-1 shows the size of the mains 
and the length of the runs for a typical 
water pressure of 60 psi (413.7 Pa). 

For large building complexes or denser 
urban development, conflagration control 
becomes the key consideration. The recom- 
mended design includes delivery rates of 
2500 gpm (9500 Lpm) or more, with 
reserves of over 150.000 gal (570,000 L). 
To meet these goals in rural or suburban 
areas without excessive investment in very 
large diameter water mains, which are cost- 
ly, adequate reserves of water should be 
provided as close as conveniently possible 
to the highly valued buildings. 



and (2) so that all parts of the buildings can 
be reached with not more than 600 ft (180 
m) of hose. Alternatively, a separate water 
main and hydrant system can be provided 
to increase the effectiveness of the 
impoundment. Figure 710-3 shows a clas- 
sical application of this principle. 

Proper site design for fire fighting 
includes: 

1 . Direct, easily perceived, all-weather 
vehicular access to each building, to 
each hydrant, and, where appropri- 
ate, to each surface water impound- 
ment 

2. Control of the massing of any devel- 



This reserve usually takes the form of 
— elevated tanks or standpipes linked to the 
water supply system with large-diameter or 
3 redundant mains from the standpipes to 
i/> the vicinity of the highly valued develop- 
ment (Figure 710-2). 

(y Alternative water reserves for conflagra- 
> tion control could be provided by surface 
^ impoundments located close to the highly 

valued buildings. Such surface supplies 
O would have to be placed (1) so that fire 
^ m trucks can park immediately adjacent to the 

impoundment [less than 20 ft (6 m) away] 



opment with firebreaks or fire walls to 
reduce the possibility of conflagration 

3. Site layout that allows fire hoses to be 
run to all sides of each building 

In areas prone to brushfires, site design 
should include control of flammable vege- 
tation around or near buildings, including 
the use of pavements, mowed lawns, irri- 
gated plantings, and the avoidance of flam- 
mable shrubs (cedar, pine, spruce, etc.). 

Hydrants should be laid out so that at 
least two are within 500 to 600 ft (150 to 



180 m) of every building, with a larger 
number within that distance of any major 
building or congested area. 

2.4 Nonagricultural Irrigation 

Piped water supply systems are often used 
for non-agricultural irrigation. Normally, 
most communities regulate the time and 
condition of its use and design the supply 
system to handle an unrestricted flow. 
While the total volume of water used for 
such purposes in most areas is small com- 
pared to potable use, the peak rate of flow 
in suburban neighborhoods on the after- 
noon of hot summer days can be greater 
than the flow required for fire fighting. 
Unless the distribution system has been 
specifically designed for it, this peak 
demand will substantially reduce the ability 
of the system to deliver water to fires at the 
necessary rates, both during the peak hours 
and (or several hours thereafter. 

Since the use of water for non-agricul- 
tural irrigation is essentially an aesthetic or 
recreational concern, its provision cannot 
be considered essential to public health, 
safety, or welfare. Options include: (1) 
restrictions on the use of water, either pro- 
hibiting irrigation entirely or limiting it to 
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PATTERNS SHOW AREAS UNDERLAIN BY AQUIFERS GENERALLY CAPABLE Of^, 
YIELDING TO INDIVIDUAL WELLS 60 9 pm OR MORE OF WATER CONTAINING 
NOT MORE THAN 2 000 ppm OF DISSOLVED SOL IDS (INCLUDES SOME AREAS 
WHERE MORE HIGHLY MINERALIZED WATER tS ACTUALLY USED) 

X WATERCOURSES IN WhICH GROUNDWATER CAN BE REPLENISHED 
BY PERENNIAL STREAMS 



W BURIED VALLEYS NOT NOW OCCUPIED BY 



PERENNIAL STREAMS 
UNCONSOLIDATED AND SEMICONSO LIDATED AOUIfERS 
CONSOLIDATED -ROCK AQUIFERS 



LJ 



BOTH UNCONSOLIDATED AND CONSOLIDATED-ROCK AQUIFERS 



NOT KNOWN TO BE UNDERLAIN BY AQUIFERS THAT WILL 
GENERALLY YEILD AS MUCH AS 60 spm TO WELLS 



Figure 710-5. Principal aquifers of the United States. 



hours of low water demand; (2) provision 
of automatic irrigation systems that operate 
at off-peak hours only; or (3) development 



of alternative water sources for irrigation. It 
must be recognized that waters diverted 
from ponds, streams, or groundwater, if 



Water supplies are typically used for human consumption, fire fighting, and irriga- 
tion. The quality and quantity of water required will vary by region and intended use. 

1 . The amount of water used in various parts of the world varies with regional climate, 
legal, and political traditions. Tables 710-1 and 710-2 illustrate the specific water 
requirements for various land uses and the rates of flow for various plumbing fix- 
tures. 

2 Elevated tanks linked to the water supply system, or surface water impoundments 
may be used as fire fighting reserves for large building complexes or dense develop- 
ment. 

3. Fire hydrants should be laid out so that at least two are within 150 to 180 m (500 to 
600 ft) of every building, with a larger number within that distance of any major 
building or congested area. 

4. The peak rate of flow in suburban neighborhoods on hot summer days can substan- 
tially reduce the ability of the system to deliver water required for fire fighting. Non- 
essential water use may need to be restricted. 

5. Alternative water sources for non-agricultural irrigation may have adverse impacts 
on the pond and stream system from which they are diverted, and should be dis- 
couraged unless carefully studied 



drawn from sources of limited storage 
capacity, can have significant adverse 
effects both on the ponds and streams from 
which such water is drawn and on down- 
stream waterbodies as well. 



.0 SOURCES OF WATER 



3.1 General 

Alternative sources of potable water for 
any building project include: (1) public 
water supply systems. (2) on-site wells of 
various kinds, and (3) surface reservoirs and 
ponds. Selection of the source depends on 
location and project size. In arid areas, pub- 
lic systems that draw their water from dis- 
tant sources may be the only alternative. In 
more humid regions, especially away from 
urbanized areas, on-site sources may be the 
only alternative. In general, public sources, 
where available, will be the least costly and 
complex, and their use will often be man- 
dated by local officials. Selection of the 
type of on-site source will depend on geo- 
logic opportunity. 
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Figure 710-6. Mean annual precipitation in the United States. 



3.2 Low-Yield Systems 

For small projects requiring only a limited 
water supply, there are several possible 
sources, including wells, springs, cisterns, 
and surface impoundments (or catch- 
ments). The choice of system generally 
depends on regional geohydrologic condi- 
tions, with wells (where they are feasible) 
usually being the most cost-effective alter- 
native 

Wells: 

In most areas where annual rainfall exceeds 
evapotranspiration, sufficient moisture is 
retained in the soil to make low-yield wells 
feasible. Figure 710-4 shows the areas in the 
^ United States where adequate soil moisture 
~ can be expected, and Figure 710-5 shows 
q_ principal aquifers. Note that the aquifer map 
3 shows only those aquifers that can be 
*W expected to produce at least 50 gpm (190 
^ Lpm) per well, a yield sufficient to support 
a community of 1000 people. If lesser 
•5 aquifers were included on the map, includ- 
> ing those capable of supplying enough 
water for a single dwelling unit, then virtu- 
Q ally the entire area where rainfall exceeds 
^ evapotranspiration would be indicated. 

N. 



Many of these lesser aquifers are in areas 
that, upon casual examination, would not 
appear promising. In glaciated regions of 
the northeastern United States, for exam- 
ple, wells are commonly drilled into areas 
that have a thin mantle of compact glacial 
till overlying hard, seemingly impermeable 
rock in order to draw water from fractures 
in the upper 200 ft (60 m) of the bedrock. 
For specific information on the feasibility 
and cost of a low-yield well in any locality, 
contact local well contractors, local public 
health officials, or state or federal geolo- 
gists. Table 710-3 shows a summary of the 
kinds of wells that have been used under 
various geological conditions. 

Cisterns: 

In areas where there is insufficient soil or 
fractured rock to retain enough water for 
wells, where the water table is inaccessible, 
or where the groundwater is contaminated, 
but where there is sufficient rainfall, 
potable water may be supplied by catching 
the rainfall on a controlled, impermeable 
surface and storing it in a cistern or covered 
reservoir. A typical installation would 
include a building roof to provide the 
catchment area, some form of pretreat- 
ment system (to keep debris, leaves, 



insects, bird droppings, etc., out of the cis- 
tern), the cistern itself (a large reinforced 
concrete or masonry tank), a water pump, 
and some form of final treatment or disin- 
fection (chlorination) system. 

The catchment area necessary to yield 
100 gal (380 L) of water per day, assuming 
75 percent capture and a dry year, would 
be 2000 fr" for 60 in of mean rainfall per 
year (1 85 m^ for 1 525 mm), 3000 ft J for 40 
in (280 m 2 for 1015 mm), and 6000 ft 2 for 
20 in (560 m 2 for 510 mm). Figure 710-6 
shows mean annual rainfall figures for the 
United States. 

The cistern volume required is a function 
of the distribution of rainlall through the 
year. In areas with rainfall limited to only 
one season, a very large storage capacity, 
about 30,000 gal (a volume 10 ft x 15 ft x 
30 ft), or 1 1 5,000 L (a volume 3 m x 5 m x 
9 m), will be required per 100 gal (380 L) of 
water use per day. In regions with rainfall 
distributed throughout the year, only a 
fraction of this, perhaps 20 to 25 percent 
would be required. Figure 710-7 shows the 
seasonal distribution of rainfall for the 
United States. 
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Table 710-3. SUITABILITY OF WELL CONSTRUCTION METHODS FOR DIFFERENT GEOLOGICAL CONDITIONS * 



Characteristics 


Due 

9 


Bored 


Driven 


Percussion 


Hydraulic 


Air 


Jetted 


Range of 
practical depths 

(generil order of 
magnitude) 


0-15 m 
(1-50 1 ) 


0-30 m 

(0-100) 


0-15 m 
0-50) 


0-300 m 

(0-1000 1 ) 


0-300 m 
(0-1000') 


0-225 m 
(0-750) 


i' K) m 
(0-100') 


Diameter 


.9-6 m 
(3-20) 


50-750 mm 
(2-30") 


i I 50 mm 
(11/4-2") 


100-450 mm 
(4-18") 


100-600 mm 
(4-24") 


100-250 mm 
(4-10") 


50-300 mm 
(2-12") 


Type of geologic 
formation: 
Clay 


Yes 


Yes 


Yes 


Yes 


Yes 


No 


Yes 


Silt 




fes 


Ye ; 


Yes 


Ves 


No 


Yes 


Sand 


Yes 


Yes 


Yes 


Yes 


, es 


No 


Yes 


Gravel 


Yes 


Yes 


Fine 


Yes 


Yes 


No 


6 mm (1/4") 
pea firavel 


Cemented 
gravel 


Yes 


No 


No 


Yes 


Yes 


No 


No 


Boulders 


Yes 


Yes, if less 
than well 
diameter 


No 


Yes.when in 
firm bedding 


l.nrl , 


No 


No 


Sandstone 


Yes. if 
soft 
and/or 
fractured 


Yes, if soft 

and/or 

fractured 


Thin layers 
only 




Yes 


i e 


No 


Limestone 


Yes, if 
soft 
and/or 
fractured 


Yes, if soft 

and/or 

fractured 


Mo 


Yes 


Yes 


Yes 


No 


Dense Igneous 
rock 


No 


No 


No 




Yes 


v.- 


No 



' The ranges of value* in this table are based upon 
Source EPA. Manual at Water Supply Systerm. U.S. 

Figure 710-8 shows a typical cistern 
design with a simple pretreatment device 
shown between the roof drain downspout 
and the cistern. The cistern itself must be 
structurally designed to withstand the 
hydrostatic pressure inherent in liquid con- 
tainers (as in swimming pools). The pre- 
treatment system shown is intended only to 
screen coarse debris and to divert the dust- 
laden first flush away from the astern. Final 
treatment of the water would be per- 
formed between the cistern and the user 
and should include filtration and chlorina- 
tion. 

Figure 710-9 shows a very old type of 
cistern and pretreatment system used in dry 
areas of the Mediterranean to capture rain- 
water that fell in village or palace court- 
yards. The surface runoff would infiltrate to 
the system all around the perimeter of the 
cisternis apron and be filtered through sand 
fill to the cisternis water level. Storage 
includes both the cistern itself and the sat- 
urated sands (percent water in total volume 
= about 40 percent). This construction 



general conditions. They may be exceeded tnr specific areas or conditions 
Gowrrmienl Printing Office, W.lshington.D C . 1973 



Sources of potable water for any building project include: (1) public water supply sys- 
tems. <2) on-site wells of various kinds, and (3) surface reservoirs and ponds. 
Selection of the source depends on location and project size. 

1. In general, public water sources, where available, will be the least costly and com- 
plex, and their use will often be mandated by local officials. 

2. Low yield wells are feasible for on-site use in most regions where rainfall amounts 
exceed evapotranspiration. Consult local officials or well contractors for specific 
information on the feasibility and cost of these wells for a particular site. 

3. Cisterns may be used to capture runoff from a controlled surface in areas where suf- 
ficient rainfall is available throughout the year. Water must be filtered and disinfect- 
ed prior to human consumption. 

4 Surface catchments may be possible if runoff from a large enough area can be inter- 
cepted and impounded on site. The drainage area should be clean and free of all 
livestock uses or other sources of pollution. Water must be filtered and disinfected 
prior to human consumption. 

5. For larger projects, a larger well or surface reservoir may be required. The design of 
either system will require specialized engineering and/or hydrogeologic expertise. 
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requires no reinforcing and relatively little 
cement 

Surface Catchments; 

In areas where groundwater is not available 
and where rainfall is not well-distributed 
throughout the year, individual water col- 
lection and storage may be possible if the 
runoff from a large enough area can be 
intercepted and impounded. Figure 710-10 
shows the drainage area in acres required 
to supply 1 acre-foot (1233.5 m*) [326,000 
gal (1,304,000 L), or enough for the 
domestic use of two to three dwelling 
units] of water for various parts of the 
United States, or for similar areas in other 
parts of the world. This drainage area 
should be clean (preferably grassed) and 
free of all livestock uses or other sources of 
pollution. 

The reservoir should be no less than 8 ft 
(2.4 m) deep at its maximum and should be 
large enough to store at least 1 year's aver- 
age runoff from its tributory watershed. 
Figure 710-11 shows a plan and section of 
a typical storage pond 

Treatment should include filtration and 
disinfection (chlorination). Filtration could 
be by slow, sand filtration in a treatment 
facility constructed of concrete built on-site 
for the purpose, or by pressure sand filtra- 
tion or diatomaceous filtration in a prefab- 
ricated metal or plastic package system. For 
detailed information on treatment systems 
and disinfection available in any locality, 
consult local health officials, equipment 
suppliers, and the U.S. Natural Resource 
Conservation Service or a similar agency 
outside the United States. 

3.3 High-Yield Wells 

For larger projects, such as a large institu- 
tion or a new town, a larger well or surface 
reservoir may be required. The design of 
either system will require specialized engi- 
neering and/or hydrogeologic expertise. In 
the northeastern United States and south- 
eastern Canada, wells can be expected to 
be less costly and require less (if any> water 
treatment, if they are geologically feasible. 
The feasibility of high-yield wells is highly 
dependent on local conditions, with yields 
ranging from 50,000 to 1 million gal 
(190,000 to 3,800,000 L) per well per day. 
Well sites with good yield potential can be 
very valuable, and they should be carefully 
considered in planning any large land area. 
Unfortunately, local water supply officials 
usually lack the funds, foresight, and capa- 
bility to protect good well sites from devel- 
opment for other uses. 
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Figure 710-8. Typical cistern design. 
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Figure 710-9. Ancient Mediterranean cistern. 



In the glaciated northeastern United 
States, good sites for high-yield wells 
include coarse outwash plains, ice channel 
fillings along valleys, river terraces kame 
fields, and similar surficial deposits. Shallow 
aquifers are often characterized on their 
surface by xerophytic species such as pitch 
pine iPinus rigida). 

Development of high-yield wells should 
take into account: 



1 . State well protection requirements 

2. The character and land use history of 
the tributory area 

When used for public water supplies, 
high-yield wells are often required to be 
protected by a buffer zone on which most 
other land uses are prohibited. Such zones 
can be several hundred feet wide [e.g., in 
Massachusetts a 400-ft (120-m) radius is 
required). 
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Figure 710-10. Approximate drainage area required per acre-foot of storage. Note that mountainous areas have been 
crosshatched to signify that the numbers may not apply, since rainfall in these areas is highly variable. 



3.4 Surface Water Supplies 

Surface water supplies include: 

1. Uncontrolled run-of-river systems (as 
in St. Louis and New Orleans) 

2. Main stream, multipurpose dams 
(e.g.. Hoover Dam/Lake Mead) 

3. Special-purpose reservoirs built on 
tributary streams (e g., Massachusetts 
Quabbin and a multiplicity of small 
reservoirs throughout the northeast- 
ern United States) 

4. Natural ponds and lakes with clean 
waters (e.g., Lake Michigan) 

Water drawn from run-of-river and main 
stream, multipurpose dams requires exten- 
sive treatment before use, including clarifi- 
cation, filtration, and chlorination, with 
constant quality control. 

Water drawn from tributary reservoirs 
and from clean ponds and lakes can be 
used with relatively little pretreatment, 



depending on the specific case and on state 
standards. 

For information on surface water quality, 
consult state and other water quality agen- 
cies. In the United States, surface waters 
are generally classified by state as Class A, 
suitable for drinking with little or no treat- 
ment; Class B, suitable for drinking with 
treatment; and Class C or lower, not suit- 
able for drinking. 



4.0 CONSTRAINTS ON WELL 
DEVELOPMENT 



The development of high-yield wells can 
lower water tables significantly and draw 
water from considerable distances. The 
planning of a high-yield well should include 
consideration of the following develop- 
ment constraints: 

1. Proximity to seawater and the possi- 
bility of salt intrusion 

2. Proximity to organic depositstswamps, 
marshes, etc.) 



3. Possible urban land use conflicts 

4. Possible industrial and waste disposal 
contamination 

4.1 Proximity to Seawater 

Figure 710-12 shows the typical relation- 
ship of fresh groundwater to brackish 
groundwater in ideally homogeneous soils 
in seacoast conditions. Note that the fresh 
water, in effect, floats on top of the salt 
water because of its lower specific gravity. 
Figure 710-13 shows the effect of lowering 
the water table with a well. The area of the 
cone of the depression will be such that the 
annual yield of the well will equal the annu- 
al surplus of rainfall over runoff and evapo- 
transpiration for the area of the cone, and 
the depth of the cone will be whatever is 
necessary to provide a steep enough gradi- 
ent to move the water to the well. The 
more permeable the soil, the flatter the 
cone. The greater the yield, the larger the 
cone in all dimensions. 
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In a seacoast condition, if too high an 
annual volume is withdrawn, so that the 
water table falls to mean sea level, brackish 
water will enter the well, ruining it for 
water supply purposes. 

4.2 Proximity to Organic Deposits 

Figure 710-14 shows a typical high-yield 
well installation in the northeastern United 
States. Both the organic deposits and the 
unconsolidated aquifer lie along a valley. A 
specific problem is that organic deposits 
tend to be concentrators of metallic sulfides 
(bog iron) by the decomposition of organic 
detritus. These sulfides are stable only as 
long as they are surrounded by water 
devoid of dissolved oxygen. Fortunately, 
these organic deposits also tend to be rela- 
tively impermeable; as a result, the cone of 
depression at nearby wells will deform, 
drawing a relatively small proportion of the 
wellis total flow from the organic deposit. 

However, if too high an annual volume 
of water is withdrawn from such a well, 
waters bearing oxygen will both dissolve 
the metallic sulfides and increase the per- 
meability of the deposit, significantly 
increasing the iron and/or manganese con- 
tent of the well, ruining it for water supply 
purposes. (Resting the well, allowing 
anaerobic conditions to reestablish them- 
selves in the organic deposits, will often 
restore the status quo ante.) 

4.3 Land Use Density and Waste 
Disposal 

The urbanized use of land and the potable 
use of the waters underlying it are compat- 
ible, subject to the following conditions: 

1. The wastewater is disposed of 
through leaching systems that do not 
intersect or penetrate the water table 

2. The land use density is not excessive. 

3. The past land uses of the recharge 
area did not involve the use, storage, 
shipment, or disposal of chemicals. 

Relationship between Sewage Leaching 
Systems and the Water Table: 

All modern sanitary codes in the United 
States require at least 600 mm (2 ft ) of free 
percolation between the bottom of any 
infiltration device (cesspool, leaching bed, 
leaching trench, leaching pit, etc.) and the 
water table. This percolation is essential to 
the effective control of pathogens and the 
oxidation of wastes. 

Unfortunately, in the last century no 
such restrictions existed, and in fact the 
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Figure 710-11. Storage pond. 



The development of high-yield wells can lower water tables significantly and draw 
water from considerable distances. The planning of a high-yield well should include 
consideration of the following development constraints: 

1 Wells in seacoast environments must maintain adequate water table levels II the 
water table falls to mean sea level, brackish water enters the well, and ruins it for 
water supply purposes. 

2. In areas where wells are adjacent to organic deposits, withdraw of significant vol- 
umes may increase the iron and/or manganese content of the well, ruining it for 
water supply purposes. Resting the well, will often correct the problem. 

3. Contamination from wastewater is a concern in areas with old or failing cesspools, 
leaching fields, etc. No well should be developed in areas where the its cone of 
depression would include any significant number of old buildings, unless site analy- 
ses demonstrate thai no contamination problem exists. 

4 The denser the development, the higher the concentration of nitrates from on-site 
wastewater disposal which may pollute groundwater Acceptable densities are a 
function of rainfall amounts, soil permeability and infiltration rates. 

5. Active or vacant Industrial sites, including processing, chemical storage, shipping, or 
waste disposal, should not be included in the recharge cone of any potable well, 
unless site analyses demonstrate that no contamination problem exists. 
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Figure 710-12. Groundwater environment at seacoast. 
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710-13. Effect of well drawdown below mean 
flow. 
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Effects of well drawdown on metallic sulfides in organic 



710-14. 
deposits. 



Table 710-4. REQUIRED LOT SIZES 
FOR INCHES OF EXCESS RAINFALL 
OVER EVAPOTRANSPI RATION (U.S. 
UNITS) 



Excess 
rainfall, in 



Lot siie, 
ftt/d.u. 



5 
1 

20 
30 
40 

•HI per dwelling unit 



120,000 
60,000 
30,000 
22,500 
15,000 



texts of the period recommended that 
cesspools and leaching pits be dug down 
into the water table. Furthermore, in many 
older neighborhoods where the cesspools 
were not deliberately dug deeply, the 
advent of public water supplies led to the 
conversion of the old dug wells to 
cesspools. The result is that no well should 
be developed in an area where the wellis 
cone of depression would include any sig- 
nificant number of old buildings, unless site 
specific analyses demonstrate that no prob- 
lem exists. 

Density of Development: 

Although proper on-site wastewater dis- 
posal will eliminate or destroy most water 
contaminants, it does increase significantly 
the nitrate concentration of the groundwa- 
ter. The denser the development, the high- 
er the concentration, but higher rainfall 
spread over the entire year will lower the 
concentration. As a general measure of the 
acceptable level of concentration for any 
region, densities of 1 to 2 dwelling units per 
acre are considered an upper limit in the 
United States (where the excess of rainfall 
over evapotranspiration is 500 mm(20 in) 
per year). Where the excess of rainfall is 
less, the density would also be less. Table 
710-4 shows the lot sizes required for ade- 
quate dilution of on-site sewage disposal 
nitrates in the underlying groundwater for 
various parts of the United States, assum- 
ing highly permeable soils and rapid infil- 
tration of rainwater. 

4.4 Industrial and Waste 
Contamination 

Regarding past land uses, both new and 
old industries use an enormous variety of 
chemicals whose effects on human health 
are insufficiently understood and whose 
effects were totally misunderstood in the 
past. Many of these chemicals are quite 
stable in the soil and may, as a result of ion 
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Figure 710-15. Relationship between 
groundwater and streams. 



interaction with soil particles, move at rates 
much slower than the normally slow rates 
of groundwater flow. As a result, it is pru- 
dent to assume that any area ever used for 
industrial purposes, including processing, 
chemical storage, shipping, or waste dis- 
posal, should not be included in the 
recharge cone of any potable water supply 
well, unless site specific analyses prove oth- 
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Figure 710-16. Relationship of groundwater and water table in unconsoli- 
dated and unconfined aquifers in regions where rainfall exceeds evaporation. 
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5.0 GROUNDWATER FLOW 
ANALYSIS 



Determining patterns of groundwater flow 
is similar to determining patterns of surface _J£^II5.1 A ,?il 
flow. First a contour map of the upper sur- 
face of the groundwater (i.e., the water 
table) is constructed, and then the pattern 
of flow through the ground is considered as 
though it were a surface flow across the 
water-table contours. Like surface water, 
the flows will be perpendicular to the lines 
of equal potential (contours), and again like 
surface water, the flows will be faster 
where the contours are closer together, 
adjusting for the permeability of the soil 
(like the coefficient of roughness on surface 
flow). 

To construct a water-table contour map: 
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DRAWDOWN CURVE 
(DURING PUMPING) 



Figure 710-17. Drawdown cone in 
uniformly permeable sands and a flat 
water table. Note that the drawdown 
curve is not a simple cone but is hyperbolic. 




Figure 710-18. Oblique view of fig- 
ure 710-17. Note that the intersection oi 
the drawdown cone and the water table is 
circular. 
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Figure 710-19. Drawdown cone in 
uniformly permeable sands and a 
uniformly sloping water table. 

1 Plot all known water- table elevations 
on ponds, streams, swamps, wells, 
etc. 

2. Assume that the water table is lower 
than the ground surface at all low 
spots where no surface water is evi- 
dent, and that the two surfaces coin- 
cide wherever there is a pond or wet 
spot, unless there is solid evidence to 
the contrary. 

3. In regions where rainfall exceeds 
evaporation (i.e., humid regions), 
assume that the water table is higher 
than adjoining streams (Figure 710- 
15, top). In regions where evapotran- 
spiration exceeds rainfall (i.e., arid 
regions), assume that the water table 
Is lower than adjoining streams 
(Figure 710-15, bottom). 

4. Interpolate the contours in the same 
manner in which ground surface 
topography is interpolated. (Check 
that the groundwater surface is not 
higher than the ground surface.) 

Obviously, where there are ample expo- 
sures of water on the surface, the ground- 
water surface will be close to the ground 
surface and there will be little doubt as to 
the depth and slope of the groundwater 
surface. In places where there is little sur- 
face water, the water table is likely to be 
well down and not much can be deduced 
about it. 

In highly permeable soils, where ground- 
water can move easily, the watertable sur- 
faces are likely to be quite flat and only 
minimally reflect the shape of the ground 
surface, but in less permeable soils the 
water table is more likely to reflect the con- 
tour of the ground surface (Figure 710-16). 
The groundwater contours in valleys can be 
expected to assume the same V form as the 
surface contours, where there is a stream in 
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Figure 710-20. Oblique view of Figure 710-19. 
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Figure 710-21. Plan view of Figure 710-19. The contour lines are lines of uni- 
form, constant elevation; the clashed lines show the direction of slope and water flow. 



the valley. However, where there is no sur- 
face stream and impermeable strata are 
well down, the groundwater surface is not 
likely to be influenced by the surface 
topography at all. 

Interpretation of a groundwater contour 
map is similar to interpretation of surface 
topography. In general, flows are perpen- 
dicular to contours, so that it is reasonably 
possible to delineate groundwater water- 
sheds of ponds, streams, and estuaries and 
to forecast the directional movement of 
contaminants. 



6.0 WELL RECHARGE AREA 
ANALYSIS 



To determine the area from which a high- 
yield well will draw its water, a cone of 



depression must be drawn into the ground- 
water surface. Figure 710-17 shows a cross 
section through a hypothetical well in uni- 
formly permeable sands with a flat water 
table (an improbable situation). Figure 710- 
18 shows the same cone in an oblique 
view. Figure 710-19 is the same situation as 
Figure 710-17 but with a uniformly sloping 
water table (a somewhat more realistic 
assumption, but still only theoretical). 
Figure 710-20 is an oblique view of Figure 
710-19. Note that the plan view of the 
cone is no longer circular but oval. Figure 
710-21 is the same situation as Figure 710- 
20 but as a contoured surface viewed as a 
horizontal map. Figure 710-22 is similar to 
710-21 but is drawn on a three-dimension- 
ally curved groundwater surface in a rela- 
tively shallow aquifer, the kind of ground- 
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water surface likely to be found in a com- 
plex outwash or katne plain. 

Where aquifers are deep, it is essential to 
assume that groundwater flow is laminar. 
Figure 710-23 shows a section through a 
deep but homogeneous aquifer. The 
groundwater does not mix but remains 
stratified. 



Figure 710-24 shows the effect of this 
laminar flow on water movement to a well 
in the upper portion of an aquifer Note 
that groundwater from distant recharge 
areas can pass entirely under a low-yield 
well. The larger the well, the larger its 
recharge area and the deeper its draw on 
the ground. 



Figure 710-25 shows the effects of small 
and large wells on the same aquifer. Note 
that aquifers that have been satisfactorily 
serving low-yield wells cannot be assumed 
to be suitable for high-yield wells. 



7.0 RESERVOIR DESIGN 
CONSIDERATIONS 



Site selection criteria for a water supply 
reservoir should include: 

1 . A watershed large enough to yield an 
adequate water supply 

2. An impoundment volume large 
enough for adequate, long-term 
water storage 

3. Suitable soil conditions (i.e., the less 
permeable, the better) 

4. A topographic form capable of being 
shaped into a reservoir at reasonable 
cost (minimum regrading) 

5. A watershed free of contaminants 

6. A reservoir site free of excessive 
organic materials 

7.1 Size of Watershed 

Per capita potable water use in the United 
States varies from under 570 L (150 gal) 
per day in the northeast to over 1325 L 
(350 gal) per day in the southwest (where 
extensive irrigation takes place). In periods 
of drought in the northeast, with restric- 
tions on lawn irrigation, automobile wash- 
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Figure 710-22. Drawdown cone in uniformly permeable sands and a three- 
dimensionally curved groundwater surface. 




Figure 710-23. Longitudinal section Figure 710-24. Longitudinal section showing flows passing under well. 
Q through homogeneous aquifer, show- 
_ ing laminar flow in ground. 

N. 



Time-Saver Standards for Landscape Architecture 



710-17 



WASTE SP!U 




I PATH OF WASTE 5PILL 

SMALL DEFLECTION PUE TO SMALL WELL 
PATH OF 5FILL WITHOUT WELLS 



I MAJOR PEFLECTION PUE TO LARGE WELL 



Figure 710-25. Effects of well size on groundwater flow. 



ing, etc., water use can be reduced by 50 
percent. Such drought restrictions on use 
are normal and widespread in the rural 
northeast. 

The annual gross yield of a watershed, 
assuming a very large, long-term storage 
volume, could reach the average annual 
rainfall for the watershed less the water- 
shedis evapotranspiration and the reser- 
voiris evaporation and leakage (Figure 
710-26 shows the average annual runoff 
per square mile for the United States.) 



However, to provide that much storage is 
likely to be very costly. The most cost- 
effective use of a stream is likely to be 
achieved with an amount of storage equal 
to 1 year's average annual runoff (the criti- 
cal point on Hazenis yield-storage curve). 
At this level of storage, the gross annual 
safe yield would be equal to the gross 
runoff of a typical drought year (about 
one-half that of an average rainfall year). 

With no storage, the safe yield of any 
stream would fall to a fraction of its lowest 



summer flows. For most streams, this is a 
very small amount. 

7.2 Size of Reservoir 

The size of a reservoir with respect to its 
watershed size determines both the safe 
yield of the system and the quality of the 
water. The minimum size of a reservoir to 
be used for potable water should be at least 
equal to 1 year's annual average runoff 
from its tributary watershed in order to 
achieve good water quality (without exten- 
sive treatment), although a somewhat larg- 
er volume (e.g., 1-1/2 year's runoff) would 
be better. A small reservoir (i.e., one that 
stored much less than 1 year's runoff) 
would unlikely have very clear water 
because of suspended colloidal materials; a 
larger reservoir, if it were low in phos- 
phates, would be likely to have much clear- 
er water. 

7.3 Shape and Depth of Reservoir 

Much concern has arisen in times past 
about the shape and depth of reservoirs, 
based on the belief that shallow water 
encouraged the growth of aquatic weeds, 
imparting a foul taste to the water. Several 
major reservoirs were built on this premise 
in the 1890's with dredged-and-filled bath- 
tublike edges. These reservoirs have not all 
been successful, and a few (as at 
Hopkinton and Ashland, Massachusetts) 
have never been regularly used for water 
supply. Some minimum depth is essential to 
the natural semiannual thermal and chemi- 
cal stratification and turnover required to 
settle organic detritus and other suspended 
materials, but any pond large enough to 
contain at least 1 year's flow-through is 
likely to be adequately deep. In general, 
the deeper the pond, the clearer the water, 
all else being equal. 

7.4 Watershed Characteristics 

Watershed characteristics for potable water 
reservoirs include: (1) freedom from past 
industrial and waste disposal uses, (2) free- 
dom from geologic sources of phosphorus, 
and (3) freedom from urbanization-related 
sources of phosphorus. 

A search should be made for industrial 
and waste disposal activities in the past, 
and suspicious sites should then be investi- 
gated with test wells and chemical sam- 
pling. Many early industries used large 
amounts of toxic substances for a variety of 
purposes and no potentially contaminated 
site should be accepted without testing, 
regardless of the kind of industry. 



Design of water supply reservoirs is dependent on water needs, watershed character- 
istics, and site topography. The following factors should be considered. 

1 . The most cost-effective use of a stream for a water supply reservoir is likely to be 
achieved with an amount of storage equal to 1 year's average annual runoff. 

2. Any pond large enough to contain at least 1 year's flow-through is likely to be ade- 
quately deep. In general however, the deeper the pond, the clearer the water. 

3. Watershed characteristics for potable water reservoirs include. (1) freedom from past 
industrial and waste disposal uses. (2) freedom from geologic sources of phosphorus, 
and (3) freedom from urbanization-related sources of phosphorus. 

4. Surface water will generally require some form of treatment under state law. 
Treatment is likely to include filtration and disinfection. 

5 The reservoir bottom should be stripped of all debris, organic deposits, and topsoil. 
unless water supplies are not needed for immediate use. 

6. The services of a geotechnical engineer, sanitary engineers, and hydrologists should 
be retained for the design of reservoirs and the testing of water supplies. 
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Figure 710-26. Average annual runoff in the United States. 
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Geologically occurring phosphates can 
support enough algae to make untreated 
water unacceptable for drinking. Surface 
water at the reservoir site should be chem- 
ically tested for its phosphate content. 
Levels above 15 parts per billion (ppb) may 
be high enough to rule out a successful sur- 
face water supply without algae controls. 
Samples should be collected in acid-washed 
bottles available from an analytical testing 
laboratory that does water testing. Samples 
should be collected without disturbing bol- 
tom sediments. Guidance on sampling 
techniques should be requested from an 
analytical laboratory. 

Urbanization-related phosphate enrich- 
ment appears to be a result of atmospheric 
phosphate dust falling onto dry roofs and 
pavements and then being washed into 
drains and streams. (Phosphate dust, which 
falls onto moist soil, will be absorbed by the 
soil particles and become insoluble. 
Phosphate fertilizers tend to be adsorbed 
even more rapidly.) 

Conventional approaches to surface 
drainage, even if buffered with retention 
basins to control flood peaks and sedi- 
ments, will sweep the more soluble (and 



more damaging) surface phosphates into 
streams and reservoirs too quickly for them 
to be adsorbed by soil particles. The better 
control of soluble phosphate can be 
achieved by restricting the amount of land 
development within a watershed, restrain- 
ing the use of impermeable surfaces, 
and/or by design of the drainage for maxi- 
mum on-site soil infiltration. 

7.5 Dam Location 

Dams for water supply can be located 
either on the stream from which they will 
draw their water or at some other conve- 
nient location. Any reservoir site, to be eco- 
nomical, should take advantage of natural 
topographic containment, but this is not 
always essential. It is more important that 
the underlying materials be relatively 
impermeable so that seepage waters will 
not undermine the structure. Since many 
stream bottoms are alluvium or outwash 
sand, off-stream reservoirs are sometimes 
used with water pumped from Ihe supply 
stream to the storage reservoir during 
spring flow peaks. The same concerns 
apply to off-stream reservoirs as to on- 
stream reservoirs, i.e., water quality, control 
of urbanization, and adequate volume of 



storage (more than 1 year). (Refer to 
Section 420: Small Dams, for more infor- 
mation about the selection of dam sites and 
the types of dams that can be used for 
water supply.) 

7.6 Water Treatment 

Surface water will generally require some 
form of treatment under state law. 
Treatment is likely to include chlohnation 
and pH adjustment, and it may also include 
fluoridation and/or filtration, depending on 
raw water characteristics. 

7.7 Site Preparation 

To achieve high water quality in a short 
period of time, the reservoir bottom should 
be stripped of all debris, organic deposits, 
and topsoil For water supplies not needed 
for immediate use (future growth a decade 
or more away), this step can sometimes be 
eliminated (Figure 710-27). 

7.8 Consultants 

The services of a geotechnical engineer 
should be retained for the design of dams 
and dikes; the services of a sanitary engi- 
neer should be retained for water testing 
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and for the design of pumping stations and 
water treatment equipment; and the ser- 
vices of a hydrologist should be retained to 
ensure that spillways are adequate to pro- 
tect the dam from flood damage. 
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Figure 710-27. Color and Algae in Water Supply Reservoirs. This graph stows pro- 
gressive reduction in color and algae in impounding reservoirs subsequent to their filling. 
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1.0 INTRODUCTION 



^ome form of sewage disposal is neces- 
^^sary in most building or land develop- 
^^ment projects for the disposal of 
domestic waterborne wastes. Such wastes 
are either piped off-site to a municipal 
sewer system or are treated and disposed 
of on-site. Proper design for the treatment 
and disposal of domestic waterborne 
wastes is essential for the protection of 
public health, safety, and welfare. 

1.1 Types of Sewage Systems 

The type of sewage disposal system chosen 
for the development of any tract of land 
will influence the pattern and density of 
that development. The sewerage for any 
project can include: 

1 . Simple, economical systems for the 
safe, environmentally sound disposal 
of wastewater 

2. More complex and costly systems for 
overcoming the limits of poorly 
drained or impermeable soils on sites 
that have good locations or other 
valuable aspects 

3. More complex and costly systems for 
increasing the density of development 
on a site (Figure 720-1) 

1.2 On-Site Disposal 

It is expected that the use of on-site dis- 
posal will increase as urban development 
spreads outward beyond the extent of 
existing sewage collection systems and as 
existing public treatment plants run out of 
reserve capacity. 

Some developments, particularly Indus- 
trial use, will require special on-site systems 
for wastes that cannot be discharged to 
municipal sewer systems or that cannot be 
disposed of through on-site systems 
designed for domestic or human wastes. 
Site designers should be aware: (1) that 
many industrial wastes require special 
treatment (designed by specialists in the 
specific industry) and (2) that for such 
industrial wastes, after removal of haz- 
ardous compounds, the treated effluent 
may be disposed of by ordinary on-site 
leaching or by discharge to a municipal 
sewer. 



2.0 DESCRIPTION OF SEWAGE 
SYSTEM PROCESSES 



Effective sewage disposal includes physical 
disposal of the sewage into the environ- 



ment without adverse health, odor, aes- 
thetic, or nutrient (fertilization) effects 

All currently permissible sewage disposal 
systems include some method for separa- 
tion of solids from wastewater, for disposal 
of the solids, for oxidation of putrescible 
substances dissolved in the wastewater, for 
destruction of pathogens, and ultimately 
for discharge of the resulting effluent to the 
ground, to a waterbody, or to the atmos- 
phere. 

At a typical modem large-scale munici- 
pal treatment plant, the solids are settled 
out and then physically skimmed off the 
top and bottom of the wastewater stream 
and either incinerated or landfilled, the 
wastewater is actively aerated to biological- 
ly remove most of the dissolved putresci- 
bles and suspended organic solids, and the 
resulting effluent is dosed with chlorine and 
discharged to a river or large body of water 

For a small on-site system, the processes 
would include the digestion of solids into 
liquids and gases, the oxidation of dissolved 



putrescibles, the destruction of pathogens 
by biologically active filtration, and the dis- 
charge of effluent, preferably to the ground 
or, alternatively, to a waterbody or to the 
atmosphere. 

The average amount of domestic 
sewage disposed In the United States is 
about 245 L (65 gal) per capita per day. 
About one-third of domestic sewage is toi- 
let waste; one-third, laundry waste; and 
one-third, drainage from sinks and tubs. 



3.0 SYSTEM ALTERNATIVES 



Alternative methods of sewage disposal on 
a tract of land include: (1) discharge to a 
municipal sewer system and (2) various 
kinds of on-site disposal systems. Selection 
of the method depends on location, geohy- 
drologic conditions local codes, and density 
of development. 

In general, connection to an existing 
municipal system will be the least complex 
method In addition, where such connec- 
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Figure 720-1. Alternative land use and alternative on-site disposal. 
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Figure 720-2. Types of subsurface 
leaching systems. Septic tanks or aerobic 
digesters can be used with any of these three 
systems if allowed by local authorities. 



tions are available, they are often mandat- 
ed by local officials. (Note that this may not 
be the least costly or the most environmen- 
tally desirable alternative.) 

Considerations for on-site disposal 
include the following alternatives: 

1. For overall system configuration: 

a. Small individual systems scattered 
over the site 

b. Large clustered or community sys- 
tems concentrated at one or a few 
points on the site 

2. For ultimate wastewater disposal: 

a. Soil leaching with subsurface efflu- 
ent application 

b. Soil leaching with surface effluent 
application 

c. Evapotranspiration 

d. Surface water discharge 

3. For processing before disposal: 

a. Simple anaerobic (septic) digestion 
of solids 



b. Oxidation 
4. Miscellaneous variants: 

a. Clivus multrum and other compost- 
ing systems 

b. High-tech mechanical systems 

c. Holding tanks 

d. Cesspools 

3.1 System Components 
Small Individual Systems: 

Specific small individual systems include: 

1 Septic tanks combined with any of a 
variety of subsurface leaching systems 
(leaching trenches, leaching beds, 
leaching pits, etc.). All septic systems 
are limited to subsurface effluent dis- 
posal because of the odor inherent to 
septic effluent (Figure 720-2). 

2. Aerobic digesters with subsurface 
leaching systems can also be used 
with a variety of leaching system con- 
figurations (Figure 720-2). 

3. Aerobic digesters with surface infiltra- 
tion beds (Figure 720-3). 

4. Aerobic digesters with evapotranspi- 
ration disposal systems (Figure 720- 
4). 

5. Composting toilets for human wastes 
and garbage, combined with an 
appropriate disposal system for wash 
waters. 

6. Cesspools. 
Large Cluster Systems: 

Specific large cluster systems include: 

1. Large septic tanks with subsurface 
leaching systems 

2. Large aerobic digesters (often called 
package plants) with surface infiltra- 
tion beds 

3. Large aerobic digesters with evapo- 
transpiration disposal of effluent 

4. Unaerated lagoons with overflow dis- 
posal to surface infiltration beds 
(Figure 720-5) 

5. Aerated lagoons with overflow dis- 
posal to surface infiltration beds 
(Figure 720-6) 

3.2 System Configuration 

Regarding the selection of the overall sys- 
tem configuration (i.e., individual systems 



versus cluster systems), the designer should 
consider: 

1 . Costs 

2. Density of development 

3. Site suitability 

4. Local governmental regulations and 
policies 

Costs: 

Regarding costs, any type of Individual on- 
site approach (where acceptable) is likely to 
be much less expensive than a cluster sys- 
tem, often by a ratio of 10:1. The major 
economy of individual systems is the elimi- 
nation of pipelines, pumping stations, and 
manholes between individual buildings and 
the cluster disposal site. Operation and 
maintenance costs are also a significant fac- 
tor when considering cluster systems. 

Density of Development: 

Regarding the density of development, 
individual on-site disposal (with systems 
large enough to be relied on for trouble- 
free long-term service) limits the develop- 
ment density to about 2 dwelling units (du) 
per hectare (5 du per acre) for single 
detached housing, and to about 5 du per 
hectare (12 du per acre) for three-story 
apartment buildings (Figures 720-7 and 
720-8). 

Community disposal systems could raise 
the density of such development some- 
what, but a separate land allocation for the 
community system would be required; con- 
sequently, the overall dwelling density 
might not be significantly higher. 

Site Suitability: 

Regarding the suitability of sites, individual 
on-site disposal can be accommodated only 
if adequate permeability and depth to 
groundwater exist. 

3.3 Additional Factors 

Regarding the selection of ultimate waste- 
water disposal alternatives, whether to 
groundwater, surface water, or the atmos- 
phere, the designer should consider: 

1. Site conditions 

2. Costs 

3. Local governmental regulations and 
policies 

4. Impacts on water quality 
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Figure 720-3. Aerobic digester with surface infiltration bed. 
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Figure 720-4. Aerobic digester with evapotranspiration system. 
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Figure 720-5. Unaerated lagoon system (schematic section). 
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Figure 720-6. Aerated lagoon system (schematic section). 



Filtration through Soil: 

Overall, the most effective, economical, 
and environmentally safe method for dis- 
posing of wastewater (and simultaneously 
oxidizing its putrescibles and ammonia, 
destroying its pathogens, and immobilizing 
its phosphates) is the slow filtration of the 
wastewater through soil. The soil bacteria, 
at the interface of the wastewater distribu- 
tion system and the soil, multiply and form 
a gelatinous, organic slime which holds the 
wastewater and allows it to filter slowly 
into the soil. As the wastewater passes 



through the slime, soil bacteria digest the 
putrescibles, pathogens, ammonia, and 
organic phosphates. The resulting filtered 
effluent is clean, odor-free, and nearly suit- 
able for drinking except for its significantly 
high nitrate content and its moderately 
high salt content. 

For low-density developments, depend- 
ing on regional hydrologic characteristics 
{see Section 710: Water Supply), the result- 
ing nitrate concentration from scattered 
small systems will usually not affect the 
potable quality of underground water. For 



large systems or for high-density develop- 
ments, the chemical effects on groundwa- 
ter should be examined and evaluated on a 
case-by-case basis. 

Removal of Nitrates: 

The removal of nitrates is inherently diffi- 
cult, costly, and experimental at this time. 
At Lake Tahoe, in the western United 
States, effluent from the community treat- 
ment plant is air-stripped of ammonia (the 
chemical antecedent of the nitrates in fil- 
tered effluent) and requires complex 
mechanical and chemical processes. 
Elsewhere, nitrate removal has been 
achieved biologically by using spray irriga- 
tion, shallow ponds and marshes, or, after 
filtration, an additional stage of anaerobic 
digestion. 

The alternative that uses spray irrigation 
requires a large land area, winter storage of 
effluent in cold climates, and energy for 
pumping. It can increase the sodium con- 
tent of the groundwater beyond acceptable 
levels, and its acceptability for use on crops 
appears to depend on whether the effluent 
has been previously filtered. (Tests of spray 
irrigation to date have been limited primar- 
ily to unfiltered effluent.) 

Shallow pond or marsh denitrification 
alternatives require ideal site conditionsb- 
such as a large, preexisting marsh or 
swamp that can be used without diminish- 
ing other environmental values. 

The anaerobic decomposition alternative 
is more costly, requires the collection of the 
filtered effluent, and is not well understood 
technically. 

Soil Modification: 

In some cases, where soils are not suitable 
for slow infiltration, they can be modified. 
If they are too permeable (too coarse) to 
support a biogenic slime, finer soil can be 
placed along the bottom and sides of 
leaching beds, but this cannot be done as 
conveniently when trenches or pits are 
used (Figure 720-9). 

Where the soil stratum is too shallow to 
groundwater or too impermeable, earth fill 
can be brought in to correct the inadequa- 
cy. This method can be very costly, espe- 
cially if suitable fill is not available on or 
near the site. 

To mitigate the costs of extensive earth 
fill, where fill is necessary, it is sometimes 
feasible to upgrade the quality of the 
wastewater effluent applied to the soil, 
reducing its nutrient value to soil bacteria. 
Such improved treatment would reduce the 
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Figure 720-7. Single-home densi- 
ties attainable with on-site disposal. 
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Figure 720-8. Apartment densities 
attainable with on-site disposal. 



density of the biogenic slimes produced in 
the soil and so reduce the size of the leach- 
ing area required. In general, the better the 
processed effluent, the smaller the leaching 
area required. With septic tank effluent, the 
maximum long-term loading appears to be 
about 0.19 L/m 2 (1/2 gal/ft 2 ) per day. With 
effluent from more effective processing, as 
in a lagoon system, loading rates up to 1.76 
Um 2 (5 gal/ft 2 ) per day are possible. 

In more extreme cases, where the soil 
itself is insufficiently permeable to accept 
the filtered effluent, sewage can be dis- 
posed of by some form of evapotranspira- 
tion system or by discharge to surface 
waters. In desert areas, simple evaporation 
off the surface of a lagoon is possible. In 
warm, wetter climates, grasses can tran- 
spire large amounts of water during the 
growing season; using this approach may 
only be feasible for campgrounds, parks, or 
summer resort developments. For either 
direct evaporation or for transpiration, 
sewage processing would require some 
form of aeration, both to control odor (for 
evaporation ponds) and to prevent root rot 
(for transpiration systems). 

Before effluent can be discharged to sur- 
face water, local public health regulations 
normally require a detailed analysis of and 
an impact statement on downstream water 
resources, a consideration of all other alter- 
natives beforehand, and a compelling case 
made for developing the specific site in the 
manner proposed 

3.4 Solids Removal/Digestion 
Systems 

Regarding the selection of alternative sys- 
tems for the removal and/or digestion of 
solids, consideration should be given to: 

1. Costs 

2. Site adaptability 

3. Local government regulations and 

policies 

The alternatives include septic systems, 
various forms of aerobic processors or 
digestion, and several hybrid systems. 

Septic Systems: 

In terms of cost, septic systems are usually 
the least-expensive small systems, having 
no machinery, no energy inputs, and no 
requirements for security, regular mainte- 
nance, or frequent inspection. 

In terms of site adaptability, simple sep- 
tic systems can only be used in areas where 
subsurface effluent disposal is practical, i.e., 
where there is sufficient soil permeability [2 



to 3 cm (3/4 to 1 in) per day] Where the 
depth to groundwater is inadequate, the 
soil surface must be built up with fill mate- 
rial so as to provide adequate depth for 
percolation through the soil without satu- 
rating it and to provide enough cover over 
the leaching system to control odors. 

Aerobic Systems: 

Aerobic systems ordinarily require the same 
site conditions as septic systems, but their 
odor-free effluent can be applied to a sur- 
face infiltration bed, usually at much high- 
er rates of application, thus reducing both 
the size of the leaching facility and the 
costs per square foot. However, this prac- 
tice is not readily approved by local health 
officials except under unusual circum- 
stances, since aerobic systems require sys- 
tematic maintenance and the exposed 
effluent can transmit a variety of pathogens 
and parasites. 

Aerobic processing of sewage can be 
accomplished either in some form of ener- 
gy-intensive and mechanically complex 
package plant, usually prefabricated, or in 
one of two kinds of lagoons. 

Package Plants: The package plant 
appears to have special applicability where 
space and site conditions are constrained. 
Package plants are miniature versions of 
municipal sewage treatment plants and, as 
such, have as their primary functions: (1) 
the settling of solids and (2) the conversion 
of dissolved organics into settleable solids. 
When operating properly, they produce 
effluent that can be applied to infiltration 
beds at quantities up to 18.9 L (5 gal/ft 3 ) 
per day (10 times the loading rate of septic 
tank effluent). However, since these 
devices generally have no provision for 
automatic, systematic removal of the accu- 
mulated solids, they are subject to solids 
overloads, the washing of solids into leach- 
ing systems, and mechanical breakdown 
unless they are pumped out once or twice 
a year. 

If not adequately sized and carefully 
maintained, package plants perform no 
better than septic tanks and require equal- 
ly large leaching systems. 

Passive Lagoons: Passive lagoons, or 
stabilization ponds, are large shallow ponds 
[0.6 to 1 .5 m (2 to 5 ft) deep] aerated by 
natural processes (sun and wind) through 
their extensive upper surface. They are 
commonly used in very rural areas where 
adequate space is available and where they 
can be sited far enough away from people 
to minimize the odor nuisance of their 
twice-a-year thermal turnovers (which 
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bring odorous bottom sediments to the sur- 
face). 

Aerated Lagoons: Aerated lagoons are 
deeper and smaller than passive lagoons 
and use sufficient mechanical aeration to 
preclude thermal stratification and the 
resulting twice-a-year thermal turnovers. 
These types of lagoons have been used on 
sites that are large enough for passive 
lagoons but are too close to abutting land 
uses that require positive odor control. The 
water in these lagoons is mixed and aerat- 
ed by small streams of air that are pumped 
through weighted plastic tubes by relative- 
ly small compressors. 

3.5 Other Sewage Disposal 
Alternatives 

Miscellaneous alternatives are usually limit- 
ed to sites where either the disposal of nor- 
mal amounts of wastewater or a supply of 
adequate amounts of water are not feasi- 
ble. These include composting toilets, high- 
technology recirculating systems, and hold- 
ing tanks. 

Composting Toilets: 

At one extreme, such limited sites have 
been dealt with by a combination of simple 
actionsdsuch as using an old-fashioned pit 
toilet (or outhouse) or a composting toilet 
(an inside outhouse), taking laundry out to 
a commercial facility, and not using 
garbage grinders. Under such conditions, 
water use and wastewater generation in a 
residence can be reduced about 75 percent, 
pathogens can be kept out of the waste- 
water stream, and wastewater treatment 
facilities can be kept small and simple. 
However, it should be noted that both local 
permits and mortgages for such facilities 
are difficult if not impossible to obtain. 

Recirculating Systems: 

At the other extreme, systems have been 
developed that allow normal washing, 
flushing, etc., without normal water sup- 
— plies or normal wastewater discharges; the 
t/> systems accomplish this by recycling and 
O treating washwater within the building, 
g" and then using the filtered washwater for 
jjg toilet flushing, etc. These systems are very 
Q costly and complex, and they require 
<L> unusual amounts of space within the build- 

5 Holding Tanks: 

^ For severely constrained sites where no dis- 
charge to the environment can be permit- 
O ted, wastes can be drained to a holding 
fN tank [of up to 19 000 L (5000 gal)] for peri- 



odic pumping or, for larger water users, 
drained directly to a tank truck. 

3.6 Cesspools 

Cesspools are a very low cost but effective 
disposal technique for very small systems 
[up to 375 or 575 L (100 or 150 gal) per 
cesspool per day] or for systems with inter- 
mittent use. They require suitable soils and 
a water table at least 3 m (1 ft) deep. They 
combine, at their center, the anaerobic 
digestion process of the septic tank and, 
around their vertical perimeter, the filtering 
process of the leaching pit (Figure 710-10). 

Their only disadvantage is that, like any 
other soil infiltration mechanism (leaching 
bed, leaching field, leaching trench, leach- 
ing pit, etc.), they will contaminate ground- 
water with pathogens, unoxidized putresci- 
bles, ammonia, and organic phosphates 
unless there is an adequate zone of unsat- 
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A number of alternatives are available for sewage disposal. Selection of a particular 
method depends on location, geohydroiogic conditions, local codes, and density of 
development. 

1. Connection to an existing municipal system is typically the least complex method 
and may be mandated by local officials, although this may not be the least costly or 
the most environmentally desirable alternative. 

2. Systems may serve individual sites, or neighborhoods if larger cluster systems are 
used Any type of individual on-site approach is likely to be much less expensive 
than a cluster system, due to the elimination of pipelines, pumping stations, and 
manholes. 

3. The most effective, economical, and environmentally safe method for disposing of 
wastewater is the slow filtration of the wastewater through soil. Individual on-site 
disposal can be accommodated only if adequate space, permeability and depth to 
groundwater exist. 

4. In terms of cost, septic systems are usually the least-expensive small systems, having 
no machinery, no energy inputs, and no requirements for security, regular mainte- 
nance, or frequent inspection. 

5 Package plants are aerobic systems that have special applicability where space and 
site conditions are constrained. They are miniature versions of municipal sewage 
treatment plants. They typically require periodic pumping to remove solids 

6. Passive lagoons, are large shallow ponds [0.6 to 1.5 m (2 to 5 ft) deep] aerated by 
natural processes. They are commonly used in very rural areas where adequate 
space is available and where odor nuisance is not a concern. Mechanically aerated 
lagoons are used on sites that require positive odor control. 

7. For severely constrained sites where no discharge to the environment can be permit- 
ted, wastes can be drained to a holding tank [of up to 19 000 L (5000 gal)] for pen- 
odic pumping. 

8. Cesspools are a low cost technique for very small systems [up to 375 or 575 L (100 
or 150 gal) per cesspool per day] or for systems with Intermittent use. They require 
suitable soils and a water table at least 3 m (10 ft) deep. 
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Figure 720-10. Typical cesspool system. 
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Figure 720-11. Typical septic tank installation. 



urated soil between the bottom of the infil- 
tration mechanism and the groundwater. 
This unsaturated soil is essential for the for- 
mation of a biologically active filter and for 
the oxidation of effluents. (In the nine- 
teenth century it was noted that if 
cesspools were dug down into saturated 
soils, the cesspools would have a high infil- 
trative capacity as a result, and so, where 
possible, most new systems were deliber- 
ately extended down into groundwater. 
This approach caused disease and eventu- 
ally earned a bad reputation for all 
cesspools.) 



4.0 DESIGN OF SEPTIC TANKS 
AND LEACHING SYSTEMS 



4.1 Applications 

Septic tanks and leaching fields are the 
most economical, adaptable, trouble-free, 
and generally accepted form of treatment 
and disposal suitable for small and medi- 
um-size sewage disposal systems, i.e., up to 
about 57 000 L (15,000 gal) per day. They 
can be adapted to a great range of sites, 
including slowly permeable silts and rela- 
tively high water tables. 

Figure 720-1 1 shows a section through a 
typical installation. The key siting require- 
ment for any soil disposal system is an ade- 
quate depth of unsaturated soil between 
the effluent leaching device and the water 
table. State and local requirements vary, 1 
to 1 .2 m (3 to 4 ft) being typical. Note that 
the system can have very little slope, as lit- 
tle as 150 mm (6 in) across the length of 
the system. 

For sites with higher water tables, many 
jurisdictions will allow septic tank effluent 
to be pumped to a mounded leaching field 
(Figure 720-12). Where the underlying 
soils are permeable (even though they are 
saturated), this is an acceptable approach. 
Where the underlying soils are not perme- 
able (rock or clay), there is likely to be seep- 
age at the toe of the mound, a condition 
unacceptable in most jurisdictions. 

For sites with lower water tables, partic- 
ularly where the land slopes steeply, some 
jurisdictions will allow the use of leaching 
pits in place of leaching trenches or leach- 
ing beds (Figure 720-13). 

In areas where leaching pits are not 
allowed, or where a hillside site is underlain 
with impermeable materials, shallow leach- 
ing trenches are possible, but they must be 
designed to prevent a tilted distribution box 
(or distribution tee) from directing too 
much flow to any one trench. Figure 720- 
14 shows two suitable layouts for such 
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Figure 720-12. Mounded leaching field system. 
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Figure 720-13. Typical leaching pit system. 



conditions. Note that the leaching trenches 
are horizontal, following the contours, and 
that each trench is loaded with the over- 
flow from higher ones. No distribution box 
is used. 



and destroy some pathogens. However, 
none of these latter effects is important to 
the overall waste disposal ob|ective. 

The effluent from the septic tank is rich 



4.2 Theory 
Primary Functions: 

id 

in Septic tanks are baffled containers that 
O serve three primary functions: They (1) trap 
jj- grease and floating solids on the top of 
" sewage flows, (2) allow most heavy solids 
u (including paper products and laundry lint) 
to settle out of the sewage flows to the 
~P tank bottom, and (3) permit bacterial 
> decomposition of putrescible solids into 
<U simple soluble compounds for disposal with 
t/> the effluent waters. They also precipitate 
some inorganic chemicals out of the liquid, 
convert some organic materials into 
^ methane gas (which vents off through the 
|^ inflow sewer to the house plumbing stack). 



in dissolved putrescible organics, ammonia, 
organic phosphates, suspended organic 
particles, and pathogens and is offensively 
odorous. When this effluent is applied to 
unsaturated soil (or to a sand filter), it stim- 
ulates the growth of a bacterial slime on 
the soil particles. This slime acts as a very 
effective filter, physically trapping the sus- 
pended particles and biologicaJly digesting 
putrescible organics and ammonia The 
slime also destroys pathogens and odors, 
and it converts the organic phosphates into 
inorganic phosphates, a form which can 
either precipitate out of solution or adsorb 
to soil particles. 

The resulting filtered effluent is relative- 
ly harmless except for (1) its higher con- 
centrations of nitrates and (2) an occasion- 



al, localized death of the bacterial slime, 
which permits small, short-lived break- 
throughs of untreated effluent. Protection 
against these occasional breakthroughs is 
usually provided by setting the leaching 
facilities back some 15 or 30 m (50 or 100 
ft) from wells and surface waters, and pro- 
tection against the nitrate contamination of 
drinking water is provided by limiting the 
density of development. (Refer to Section 
710: Water Supply, for more information.) 

Maintenance: 

The maintenance of septic tanks is limited 
to (1) infrequent pumping of the septic 
tank to remove accumulated nondegrad- 
able solids (sand, paper, laundry lint, etc.) 
and (2) resting of the leaching facility. 

Recommendations for frequency of sep- 
tic tank pumping vary, the need being a 
function of the tankis size and its usage. 
The need for pumping should be accom- 
modated in the design and location of a 
septic tank. Local boards of health in the 
United States require that septic tank loca- 
tions be clearly marked and be accessible to 
pump trucks. Beyond this, it is important to 
recognize the following considerations 
regarding pump trucks: 

1 . Most pump trucks carry hoses only 20 
to 30 m (70 to 100 ft) long, although 
some carry hoses up to 60 m (200 ft) 
long. 

2 Although most pump trucks cannot 
pump septic tanks whose tops are 
more than 3 m (10 ft) below the ele- 
vation of the truck, some special 
pump trucks can lift up to 9 m (30 ft). 
As a general rule the shorter the hose, 
the higher the lift. Check with local 
experts to confirm what standards are 
recommended for a specific project. 

The need to rest a leaching facility peri- 
odically has been well documented in 
recent years but is usually not provided for 
in leaching facility design. Its basis is that 
the long-term continuous loading of septic 
tank effluent onto soil or sand will result in 
a gradual filling of the soil pores with fer- 
rous sulfide particles and perhaps also with 
cellulose fibers (from paper and laundry 
lint) and grease. Taking a leaching facility 
off-line and allowing it to rest for a few 
months will allow the clogging materials to 
decay by natural processes. 

In order to take a leaching facility offline 
(except for seasonal uses), a second, alter- 
nate leaching facility should be available 
However, since the original leaching facility 
will function well for 20 years in this regard, 
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it is not necessary to build a second leach- 
ing facility until the need becomes appar- 
ent. Proper site design would in most cases 
require: (1) layout for two parallel systems, 
(2) initial construction of only one, and (3) 
provision for access of construction equip- 
ment to the second site. 

Figure 720-15 shows the overall layout 
of a septic tank/leaching field facility with 
parallel fields and a switching valve. 

NOTE OF CAUTION: Most codes, espe- 
cially for larger systems, require alternating 
leaching facilities fed by alternating dosing 
siphons Where required, they must be 
used, but they do not provide the long- 
term resting required for removal of soil 
clogging and are not a substitute for the 
second leaching facility recommended 
herein. For long-term on-site system viabil- 
ity, a parallel system for long-term alterna- 
tion will still be necessary. 

4.3 Sizing and Details: Septic Tanks 

Sizing: 

Septic tanks are ordinarily sized to hold 1 to 
2 days average sewage flow, the larger 
ratio for smaller buildings such as houses, 
and the smaller ratio for larger systems, 
tocal code requirements vary, but the spe- 
cific size is not crucial. In general, larger 
tanks will likely require less frequent pump- 
ing. 

Table 720-1 shows estimated sewage 
flows for various generators For specific 
flows in any locality, check local codes. 

Design Details: 

Regarding the design of the tank, shape 
and size are relatively unimportant. Figure 
720-16 shows a typical 3 785 L (1 ,000 gal) 
tank made by a precast concrete products 
company Essential characteristics include: 

1. A relatively deep shape to allow solids 
and greases to separate vertically 

2. A deeply baffled outlet to draw liquids 
from mid-depth 

3. A baffled inlet to keep grease from 
plugging the inlet 

4. Positive drop for the influent, also to 
prevent plugging of the inlet 

5. Access holes for clearing clogs from 
the inlet and outlet 

6. Access for the pumping of bottom 
sediments 




Figure 720-14. Leaching trenches on shallow hillside. Differing ground slopes 
over subsurface disposal field may require the use of various combinations of fittings. 



7. Through ventilation to allow gas 
flows from the leaching field to vent 
off through the building vent stack 

Figure 720-17 shows a typical 56 775 L 
(15,000 gal) tank. It has the same essential 
features as the 3 785-t 0,000-gal) tank, 
but it uses pipe tees instead of concrete 
inlet and outlet baffles, and it can be sup- 
plied with an intermediate baffle to provide 
a settling, or clarification, tank at its outlet 
end. For details and specifications in any 
locality, contact local precast concrete 
products suppliers. 

4.4 Sizing and Details: Leaching 
Facilities 

Sizing: 

Leaching facilities are ordinarily sized to 
expected sewage flows and soil permeabil- 
ities. Local codes give instruction on tech- 
niques for measuring soil permeability and 
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Figure 720-15. 
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Table 720-1. QUANTITIES OF SEWAGE FLOWS 



Gallons per person per day 



Types of establishments (unless otherwise noted) 

Airports (per passenger) 5 

Apartments, multiple lamily (per resident) 60 

Bathhouses and swimming pools 10 
Camps: 

Construction, semipermanent 50 

Day (with no meals served) IS 

Luxury 100 

Resorts, day and night, with limited plumbing 50 

Campground with central comfort facilities 35 

Cottages and small dwellings with seasonal occupancy 50 

Country clubs (per resident member) 1 00 

Country clubs (pet nonresident member present) 25 

Dwellings: 

Boardinghouses 50 

Additional for nonresident boarders 10 

Luxury residences and estates 150 

Multiple-family apartments 60 

Rooming houses 40 

Single-family houses 75 

Factories (gallons per person per shift, exclusive of industrial waste) 35 

Highway rest area (per person) 5 

Hotels with pnvate baths (two persons per room) 60 

Hotels without private baths 50 

Institutions other than hospitals (per person) 125 

Hospitals (per bed) 250+ 

Laundries, self-serviced (gallons per washing, I.e., per customer) 50 

Mobile home parks (per space) 250 

Motels with bath, toilet, and kitchen facilities (per bed space) 50 

Motels (per bed space) 40 

Picnic parks (toilet wastes only, per picnicker) 5 

Picnic with bathhouses, showers, and flush toilets (per picnicker) 10 

Restaurants with toilet facilities (per patron) 10 

Without toilet facilities (per patron) 3 

With bars and cocktail lounge (additional quantity per palron) 2 

Schools: 

Boarding (per pupil) 100 

Day. with cafeteria, gymnasiums, and showers (per pupil) 25 

Day, with cafeteria but no gymnasiums or showers (per pupil) 20 

Day, without cafeteria, gymnasiums, or showers (per pupil) 15 

Service stations (per vehicle) 1 

Stores (per toilet room) 400 

Theaters: 

Drive-in (per car space) 5 

Movie (per auditorium seat) 5 

Trailers without individual baths and sewer (per person) 50 

Trailers with individual bath units, sewer connection (per trailer) 100 

Workers: 

Construction (per person per shift, at camps) 50 

Day (school or offices per person per shift) 15 



Source. EPA. Manual nt Water Supply Systems. U S. Government Printing Office. Washington. D.C., 1973 



for sizing leaching facilities. Each jurisdic- 
tion has its own method, and local codes 
usually must be satisfied or exceeded 

The typical procedure is to dig one (or 
more) small-diameter holes [100 to 300 
mm (4 to 12 in)] to the depth of the pro- 
posed leaching system, fill the hole with 0.3 
m (1 ft) of water, keep the water level sta- 
ble for a specified period of time, and then 
measure the vertical drop of the water sur- 
face in the hole during another specified 
period of time (typically 30 minutes). The 
rate of fall, called the percolation rate (or 
perc rate), is then entered in a table provid- 
ed by the code which specifies a corre- 
sponding size of leaching facility in terms of 
square meters (feet) of leaching area per 
liter (gallon) of wastewater or per bed- 
room. This number is then used to size the 
bottom area of the leaching trenches or 
beds, or the combination of vertical and 
horizontal surfaces of the trenches up to 
the inverts of the distribution pipes, or 
some other parameter (e.g., 100 percent of 
the vertical surfaces plus 50 percent of the 
bottom surface), as specified by code. 

It must be recognized that many (or 
most) of these requirements have little or 
no basis either in scientific analysis of leach- 
ing system hydraulics or in experience with 
what actually has worked historically in the 
field. Consequently, a design that meets 
the local code is no guarantee that the sys- 
tem will perform satisfactorily. 

The designer should note the following: 

1. Except for the finest-grained soils 
(i.e., clayey silt and clays), it is the per- 
meability of the bacterial slimes gen- 
erated in the soil by the sewage itself, 
not the permeability of the soils, that 
limits effluent absorption. 

2. Percolation tests yield results in cen- 
timeters (inches) of infiltration per 
hour, but the permeability of the bac- 
terial slime is in fractions of millime- 
ters (inch) per day. As a result, most 
codes use a factor of safety of about 
100 to compensate. 

3. In the United States, leaching systems 
designed according to inadequate 
codes often are not loaded at the 
maximum flow rates possible from 
the buildings they serve; i.e., a three- 
bedroom dwelling unit that could 
serve five, six, or seven people usual- 
ly serves only three people, At three 
people per dwelling unit, typical 
code-designed leaching systems suf- 
fice; at six people per unit, the same 
design fails. 



Time-Saver Standards for Landscape Architecture 



720-11 



2 660 mm 




PIAN WW 



(1") TAPER 



IB0« 225 mm 
■-teX^OMR 460 mm 

- (IB") D1A COVER 



250 x 360 mm 
(10 k W) COVER 




OOM> SECTION 



Figure 720-16. Typical precast septic tank (1000 gal). 
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Septic tanks and leaching fields are the most economical, adaptable, trouble-free, and 
generally accepted form of treatment and disposal for small and medium-siie sewage 
disposal systems [57 000 L (15,000 gal) per day]. 

1 . The key siting requirement for any septic system is an adequate depth of unsaturat- 
ed soil between the effluent leaching device and the water table [typically 1 to 1 .2 
m (3 to 4 ft)J. Many jurisdictions will allow mounded leaching fields for sites with 
high water tables (Figure 720-12), and leaching pits or leaching trenches for hilly 
sites (Figures 720-13 and 720-14). 

2. Protection against breakthroughs of untreated effluent is typically provided by set- 
ting the leaching facilities back 15 to 30 m {50 to 100 ft) from wells and surface 
waters. Protection against nitrate contamination of drinking water is provided by 
limiting the density of development. 

3. Septic tanks require infrequent pumping to remove accumulated nondegradable 
solids (sand, paper, laundry lint, etc.). Site planning should ensure access to tanks by 
pump trucks. 

4. Leaching systems should function well for about twenty years before requiring rest- 
ing. Site planning should provide for the layout for two parallel systems, although 
only one may be constructed initially. 

5 Leaching facilities are typically sired to expected sewage flows and soil permeabili- 
ties Local codes outline techniques for measuring soil permeability and for sizing 
leaching facilities. 



4. Effluent does not percolate into the 
soil at the rate at which it is applied; 
instead, it ponds up, filling the coarse 
distribution media until the rate of 
infiltration matches the rate of efflu- 
ent application. 

5. The maximum steady-state long-term 
absorption capacity of the bacterial 
slime in a leaching facility for ordinary 
septic tank effluent is about 0.19 
L/m 3 (1 11 gal/ft 1 ) per day regardless 
of whether the infiltrative surface is 
vertical or horizontal. 

6. The permeability of the slime appears 
to be inversely proportional to the 
nutrient concentration of the effluent; 
thus, a vigorous water conservation 
program without a corresponding 
reduction in organic loading will have 
no long-term benefit. (It will appear 
to work for 2 to 3 months.) 

Figure 720-18 shows the key character- 
istics of a leaching trench system. The sys- 
tem includes both an initial leaching area 
and space for future construction of an 
alternative leaching area. Each should be 
sized for application of not more than 0.19 
L/rrT 7 (1/2 gal/fP) per day, measured over 
the entire trench surface below the invert. 

Design Details- 

The distribution of the septic tank efflu- 
ent can be either by a distribution box or by 
pipe tees. The distribution box is tradition- 
al, and although it has been found to offer 
no advantage in studies by the U.S. Federal 
Housing Administration, it is more likely to 
be accepted by conservative public officials. 
The distribution box can be converted into 
a diversion device between parallel leach- 
ing systems by inserting a simple board (of 
rot-proof material) diagonally into the box 
and changing its position as needed. A 
plastic diversion valve, a newer and neater 
device, can be used for the same purpose. 

The layout of the system can take what- 
ever form fits the site, but a plan that looks 
rational and orderly (symmetrical, etc.) is 
more likely to be approved. Table 720-2 
shows typical setback requirements for var- 
ious parts of the system. These vary from 
code to code. 

4.5 Grease Traps 

For restaurants and other food preparation 
areas, a separate grease trap between 
kitchen drains (those without garbage 
grinders) and septic tanks is often required. 
The design of a grease trap is identical to 
the design of a septic tank except that its 
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Figure 720-17. Typical precast septic tank (15,000 gal). 
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Figure 720-18. Key elements of a leaching trench system. In Sect if i A. the 
distance between trenches should be 3W (3 times the width of the trench), or 2D (2 
times the depth of the trench), whichever is greater The distance between the pipe and 
the top of the trench should be 50 mm (2 in.). 



outlet pipe is placed much lower in the tank 
to provide maximum volume for the 
grease. 

Figure 720-19 shows a typical precast 3 
785 L (1 ,000 gal) trap. The trap size is 473 
L (125 gal) per 50 patrons (U.S. Public 
Health Service). 

4.6 Dosing Chambers 

For large systems, many codes require that 
septic tank effluent not be allowed to trick- 
le into the leaching facility at the rate at 
which it is displaced from the septic tank by 
new inflows, but that it instead be collect- 
ed in a dosing chamber for slug discharge 
to the leaching facility via one or two auto- 
matic siphons every 3 or 4 hours. It is 
claimed that this procedure results in a 
more even distribution of effluent within 
the leaching facility and that it allows the 
system to rest, i.e., allows the soil to reaer- 
ate between doses. 

Unfortunately, none of this is true in 
most cases, since in a typical leaching facil- 
ity the effluent ponds up, creating a more 
or less constant underground pool that 
extends full-time across the full width and 
length of the facility. 

Where leaching is to be accomplished in 
several separate leaching facilities at more 
than one level, dosing siphons and distrib- 
ution boxes can be used advantageously to 
balance the loading of the various parts. 
Figure 720-20 shows a typical precast dos- 
ing chamber. Note that the chamber is 
designed to provide a maximum of volume 
with a minimum of head loss. The siphons 
themselves have no moving parts. 

Figure 720-21 shows a plan of the prin- 
cipal elements of a large system. 

4.7 Relationship of On-Site Systems 
to Trees and Paving 

Trees: 

Regarding the relationship of disposal sys- 
tems to trees, note that the effluent in and 
near the leaching facilities, the septic tank, 
and the pipelines between are anaerobic 
and hence not attractive to most plant 
roots, with the possible exception of such 
trees as larch, willow, and alder. The sewer 
pipe between the building and the septic 
tank is not anaerobic, however, and can be 
invaded and clogged by roots. 
Consequently, except for the building 
sewer pipe, no special care need be given 
to the relationship between trees and sep- 
tic on-site sewage facilities. 
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TABLE 720-2. Typical Setback Requirements 



.m(H| 







Water supply 






Property line 


Building sewer 


15 (50) 


3 (10) 


15 (50) 






Septic tank 


15 (50) 


3 (10) 


1 5 (50) 


15 (5) 


3(10) 


Disposal field and seepage 


30(100) 


7.5 (25) 


15(50) 


6(20) 


1-5(5) 


Seepage pit 


30 (100) 


15(50) 


15(50) 


6(20) 


3(10) 


Cesspool 


45 (150) 


15 (50) 


15(50) 


6(20) 


4.5(15) 


Nolv This Ubfc* relets to minimum distances beivveen components ol sewage disposal systems. 









Paving: 

Regarding the relationship between dispos- 
al facilities and paving, some codes prohib- 
it leaching facilities under pavements, oth- 
ers permit them If the leaching fieldsi distri- 
bution pipes are vented, and still others 
have no restrictions. For heavy traffic, pipes 
should either be adequately covered with 
roadbase material [e.g., 0.6 m (2 ft)] or be 
made of crush-proof materials (cast iron or 
precast concrete, etc.). 

Vents, where required, are typically ver- 
tical 100 mm (4 in) cast-iron pipes affixed 
to tees on the outer ends of the leaching 
pipes, topped with 180-degree bends, and 
protected from traffic by a cluster of bol- 
lards or other traffic control devices. 



5.0 AEROBIC SYSTEMS WITH 
SURFACE INFILTRATION 



5.1 Application 

As septic tank/subsurface disposal systems 
get larger, their costs and space require- 
ments increase proportionately, with little 
economy of scale. At some point over 56 
775 L (15,000 gal) per day, other 
approaches become competitive. These 
approaches include not only the settlement 
and digestion of the suspended solids in the 
wastewater before its application to the 
leaching fields, but also the removal of dis- 
solved organic compounds by biological 
processes. 

The resulting effluent can contain as lit- 
tle as 1 percent of the bacterial nutrients 
of septic tank effluent and thus can be 
applied to the soil at several times the rate 
practical for septic tank effluent 
Furthermore, because these alternate 
processes are aerobic rather than septic, 
their effluent normally and theoretically is 
odor-free and thus can be applied to sur- 
face infiltration beds as well as to subsur- 
face filters. Alternatives suitable for smaller 



communities include lagoons or stabiliza- 
tion ponds and package plants. 

5.2 Lagoons 

The most economical and most trouble- 
free of these alternatives are the various 
forms of lagoons. Basically, the lagoon is a 
shallow pond [0.6 to 1.5 m (2 to 5 ft) 
deep], open to the sun and wind, used to 
retain sewage for about a month. Like the 



septic tank, it relies entirely on natural 
processes and, with favorable topography, 
on gravity flow. The solids settle to the bot- 
tom and decompose anaerobically (as in a 
septic tank), but their odor is contained and 
absorbed by the overlying aerated water 
The mineral nutrients released in the 
decomposition, together with the sun shin- 
ing on the pondis surface, support a vigor- 
ous growth of algae. The algae produce 
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oxygen; this, along with the oxygen 
absorbed by the pondis surface, keeps the 
upper layers of the pond fresh and odor- 
free. 

The effluent from the stabilization pond 
is siphoned off the top to a polishing 
lagoon (about 1 dayis flow) and then dosed 
onto sand filters at rates up to 0.95 L/m 2 (2 
1/2 gal/ft 2 ) per day. 

This system, like septic systems, requires 
almost no management or maintenance. It 
must be fenced, however, since it has sur- 
face ponds and sewage on the ground sur- 
face in various stages of beneficiation. The 
ponds do have to be drained and cleaned 
(like septic tanks) at infrequent intervals (up 
to 20 years) and the leaching beds do need 
to be alternated and rested, if and when 
they show signs of clogging. 

Unlike septic tanks with subsurface fil- 
ters, the land used for lagoon systems and 
surface infiltration cannot be used for other 
purposes. 



In regions where winter freezing does 
not occur, unaerated lagoons are usually 
odor-free, but in areas where freezing does 
occur there will be serious odor generated 
during the twice-a-year thermal turnovers 
of the ponds. 

To control these turnovers and their 
resulting odors, each lagoon can be very 
gently mixed with a low-energy aerator (a 
small air compressor and a weighted poly- 
ethylene tube run into the lagoon to gener- 
ate columns of bubbles), This mixing not 
only effectively controls the odors but 
allows the pond to be deepened to 3 to 4.5 
m (10 or 15 ft), further reducing space 
requirements. 

The aerated lagoon system is in all other 
respects similar to the passive lagoon. 

Figure 720-22 shows the overall space 
requirements for septic leaching and aerat- 
ed leaching systems for housing clusters of 
various sizes. Note that septic systems are 
quite competitive at the lower end of the 



range, especially since their space require- 
ments are subsurface. 

Figure 720-23 shows a schematic aerat- 
ed lagoon system. The aerated lagoon is 
divided into two or more ponds so that half 
of the system can be drained and cleaned 
when the need arises. On favorable topog- 
raphy it can be designed to work hydrauli- 
cally, with no pumps. The only inputs to the 
system are the sewage itself and com- 
pressed air. 

Actual design configurations of lagoons 
vary. Advantage should be made of exist- 
ing topography where possible; since there 
is no mechanical equipment to be incorpo- 
rated other than the compressed-air lines, 
the ponds and beds can be any shape 
desired. 

The lagoon can usually be built of local- 
ly available or on-site materials. Lagoons 
can be contained by seeded earthen berms 
of clayey or silty soils. If sited so that the 
lagoon bottoms are a minimum of 1 to 1.2 
m (3 to 4 ft) above the local water table, no 
serious groundwater contamination is likely 
after the lagoons have been in use for a 
period of time. Natural processes will tend 
to seal the soil with organic slimes. 

5.3 Package Plants 

Package plants, or prefabricated secondary 
sewage treatment plants, can accomplish 
the same effluent quality as lagoons, usual- 
ly in less space, and within a building if 
desired. These systems are mechanically 
complex, require constant energy inputs, 
and must be regularly and competently 
maintained. In addition, the U.S. 
Environmental Protection Agency has rec- 
ommended that they be pumped once or 
twice a year to remove accumulating bio- 
mass. If not pumped, the biomass can 
overload the equipment or wash out into 
the infiltration beds. Contact a manufactur- 
eris representative for specific details. 

In some jurisdictions, package plants are 
either not allowed or must have oversized 
infiltration beds to accommodate the 
washed out biomass. 

5.4 Subsurface Leaching 

Aerobic systems of any kind can be used 
with subsurface leaching beds, and the 
leaching beds can be smaller than those 
used for septic tank effluent. These subsur- 
face beds would be identical to those used 
with septic systems, with the exception of 
size. 



Time-Saver Standards for Landscape Architecture 



6.0 AEROBIC SYSTEMS WITH 
EVAPOTRANSPI RATION 
SYSTEMS 



- WELL 160 mm (6") PIA. ANP 42 m (14C) PEEP THROUGH SAND ANP 
LIMESTONE NEAREST OTHER WELL 180 m (200 YDS) NORTH 

31.5 m (109') T0_ u „, 

M 26 ROOMS 

23 BATHS 

25 TOILETS 
„„ NEAREST 

100 mm [4") KITCHEN WASTE ^/"| ' ESSST' WELL 1 125 m - 

LINE GREASE TRAP 560 ✓ ^ SLurtil (379 FT) 

(190 8 «IJ GARBAGE . 
GRINDEB LINE 





r 




TOTAL LENGTH OF TILE 
IN EACH BEP ■ 167 m (667) 



22 J it 



TEST HOLES; 

NO. 1: 28 mm (1") PROP/6 76 MIN. 
NO. 2: 2B mm (V) DROP/6.90 MIN. 
NO. 3: 26 mm (1") PR0P/6.OO MIN. 



J* 




NORTH 




375 760 1 879 

(100) (200) (600) 

PWELLING UNITS (D.U.) SERVED 
PER DAY IN LITERS (GALLONS) 

MINIMUM SITE AREA FOR DISPOSAL 
FACILITIES TREATMENT 

I SEPTIC LEACHING 
2. PASSIVE LAGOON ANP LEACHING 
3 AERATED LAGOON ANP LEACHING 
4. PACKAGE FTANT5 



Figure 720-21. Principal elements of a large leaching system. 
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Figure 720-22. Minimum site area required for disposal facilities. 



For sites with limited absorptive capacity 
where the usage is limited to the growing 
season, it is possible to dispose of a high 
proportion of wastewater by evapotranspi- 
ration. This approach has been used for 
summer resorts and as a seasonal alterna- 
tive to discharge into streams. 

NOTE: Streams in various regions have 
seasonal variations in the quantities of flow 
For instance, streams in the eastern United 
States have the lowest ability to dilute 
wastewater at the height of the growing 
season. 

For evapotranspiration to work, the 
effluent must be well aerated so that plant 
roots will readily take up the liquid. As a 
consequence, evapotranspiration is not 
feasible with effluent from septic systems, 
but it can work with any aerobic effluent. 
The effluent can be applied by a number of 
methods, including subirrigation, surface 
flooding, and spray irrigation. 

For subirrigation, the system would be 
similar to a shallow trench infiltration sys- 
tem for septic effluent, but it should be 
constructed as close to the ground surface 
as possible. Like the subsurface disposal of 
septic effluent, the subirrigation method 
does not pose any hazards to surface use of 
the land. 

For surface flooding or spray irrigation, 
consideration must be given to the poten- 
tial pathogenic hazards of the unfiltered 
effluent. The areas used for surface irriga- 
tion are not normally available for other 
uses, at least during the seasons in which 
they are used for wastewater disposal. 
Crops that might be grown on the land are 
not normally used for human food. 
Compatible land uses and crops include 
game habitat and hunting grounds, forest 
products, and forage crops for horses. 

The application rates for any evapotran- 
spiration system are a function of tempera- 
ture, hours of sunshine, wind velocity and 
duration, rainfall, etc. All these vary consid- 
erably with the location and the season; 
thus, any evapotranspiration system will 
require careful custom design to the specif- 
ic case. 



7.0 AEROBIC SYSTEMS WITH 
SURFACE WATER DISCHARGE 



The discharge of sewage to surface waters, 
whether treated or untreated, is an ancient 
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For land development planning purpos- 
es, space should be provided for some form 
of digestion (a package plant or an aerated 
lagoon), for a sand filter, and for some form 
of denitrification for the filtered effluent- 
perhaps a second lagoon, shallow and 
weedy, 0.6 to 1 m (2 to 3 ft) deep. Marsh 
areas are often considered valuable envi- 
ronmental resources and cannot be used as 
a part of the treatment process. 
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Figure 720-23. Typical aerated lagoon system (schematic diagram). 
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practice which has been widely used 
because of its low cost and ease of accom- 
plishment. As long as the total discharge 
was small and scattered and the volume of 
the receiving waters large, it was consid- 
ered acceptable. 

However, as the discharges increased in 
size and in number, their impacts grew. In 
an attempt to reverse this trend, the art and 
science of sanitary engineering was invent- 
ed and various forms of sewage treatment 
were developed Various treatment tech- 
niques applied to large volumes of munici- 
pal sewage, usually on limited sites in con- 
gested urban waterfront areas, have done 
much to ameliorate the adverse effects of 
the water discharges, but these techniques 
are far from perfect. Indeed, almost no 
municipal treatment plant approaches the 
overall treatment effectiveness (or low 



cost) of the common backyard leaching 
field. 

In most areas of the United States, in 
order to obtain permits for discharging 
sewage effluent directly into surface waters 
from new developments, the designer must 
demonstrate that there are no feasible 
alternatives including no action (either 
foregoing the project or siting it elsewhere) 
and that the treatment process will produce 
no significant environmentally adverse 
impacts on the receiving waters (including 
the biochemical effects of chlorine or other 
disinfectants). The degree and type of 
treatment for the effluent will depend in 
large part on the character of the receiving 
waters, but the designer of a new project 
should anticipate much more extensive 
treatment than that usually applied at a 
municipal treatment plant. 
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1.0 INTRODUCTION 



mpounded surface waters are often val- 
ued for: 



1 . Swimming and related recreation 

2 Wildlife habitat 

3. Aesthetic (i.e., visual) reasons 

Principal concerns in the design of recre- 
ational water bodies are control of (a) 
water quality, (b) water level fluctuation, 
and (c) edge treatment. Each of these con- 
cerns should be addressed and specifically 
incorporated into the plans and designs for 
recreational water bodies. Unless the water 
body is large enough to establish zones, it 
is often not feasible to incorporate several 
recreational functions into one area. For 
instance, swimming and boating do not 
mix. 

Impoundments designed primarily for 
power and flood control tend to have short 
periods of water detention, i.e., their annu- 
al flowthrough is larger than their storage 
capacity, hence their retained water tends 
to be turbid and tactilely unattractive. On 
the other hand, impoundments designed 
for water storage (i.e., water supply and 
large-scale irrigation) tend to have long 
periods of retention, and therefore their 
water is more transparent and tactilely 
more attractive 

Similarly, reservoirs that are small with 
respect to the amount of water drawn from 
them may have wider variations of water 
levels. This makes the shorelines more diffi- 
cult to use for recreational purposes and 
may affect the aesthetic values during cer- 
tain seasons. Large reservoirs tend to have 
more stable water levels with respect to 
their slower rates of withdrawal and, there- 
fore, are more suitable for recreational uses. 



Note that daily flowthrough, a key para- 
meter in the design of mechanically filtered 
swimming pools, is not appropriate to 
determine for ponds and lakes They typi- 
cally have far more water per swimmer 
than the typical large public swimming 
pool. 



2.0 EVALUATIVE CRITERIA 
RECREATIONAL WATER 
BODIES 



Waters for recreational use must meet var- 
ious standards of quality, appearance, and 
ease of maintenance. 

2.1 Water Quality 

1. In a public health sense, fresh water 
used for swimming should approach 
the quality standards used for drink- 
ing waters. 

2. In an aesthetic sense, swimming 
waters should be as transparent as 
possible, including being free from 
algae, weeds, organic detritus, and 
suspended silts and clays. 

3. In a public safety sense, intensively 
used swimming waters should have 
sufficient transparency to facilitate 
rescue of drowning victims 

4. For wildlife habitat and scenic values, 
any water quality except the most 
seriously polluted will be appropriate. 
A diversity of water body characteris- 
tics (i.e.. quality, depth, temperature, 
and form) will support the greatest 
number of species. 

2.2 Water Levels 

1 . For swimming uses, water control sys- 
tems should be designed so that lev- 
els can be maintained during dry sum- 
mer seasons, or so that access to the 
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Figure 740-1. Wave-cut beach form on erodible shore. 



water can be maintained when water 
levels fall. 

2. For aesthetic (i.e., nonswimming) rea- 
sons, water bodies that are expected 
to lose a major portion of their water 
during the summer should be shaped 
as a shallow basin to support a vege- 
tative cover (i.e., marsh, shrub 
swamp, etc.) to avoid revealing a 
muddy edge or bottom. 

2.3 Side Slopes 

The action of waves will eventually erode 
any pond embankment to a wavecut beach 
(except those heavily armored with stone, 
concrete, or metal) The eventual slope of 
the beach will depend on the texture of the 
soil involved. For instance, coarse sand will 
form an approximate 10 percent slope, and 
finer sands a 5 percent slope. The vertical 
extent of the erosion will approximate the 
height of waves generated on the pond 
Wave height is a function of pond size, its 
wind exposure, and other factors, including 
the size of boats and the relative exposure 
of the particular reach of shoreline. 

Figure 740-1 shows the form of a wave- 
cut beach, with 300 mm (1 ft) waves and a 
stable water level, ona 1:5 slope in coarse 
sand Note the steep drop that can form 
just below the beach. On a steeper average 
slope, say 1:3, or in fine sand, the drop 
would be over 1 m (3 ft) deep and could 
constitute a safety hazard for swimmers, 
especially children. 

Alternative shoreline treatments include 
riprap, stone armor, and various types of 
walls. In each, consideration should be 
given to the human usage of the surround- 
ing area, including ways to escape if any- 
one happens to fall into the water 



3.0 SWIMMING WATERS 



3.1 General 

Two common alternatives for swimming 
include: 

1. Swimming pools with: 

a. Filtration to remove suspended 
materials 

b Algicides to control algae 

c. Chlorination to control bacteria 

2 Ponds and lakes with: 

a. Long storage times to settle sus- 
pended materials 

b. Control of algae by controlling 
watershed land use and drainage 
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Figure 740-2. Average dry year rainfall less lake evaporation. 



c. Control of bacteria and viruses by 
natural processes (e.g., maintaining 
natural biota, including predators) 

The selection of an alternative for swim- 
ming depends on the purpose of the pro- 
ject, the necessary size of the water body, 
and the particular amenities of the site. For 
small swimming areas, filtered, chemically 
treated swimming pools are usually the 
most appropriate, and they can be built 
almost anywhere. For larger facilities, 
ponds or lakes are likely to be the most 
appropriate, but their feasibility is a 
function of hydrologic, geologic, and topo- 
graphic opportunities. 

3.2 Swimming Pools 

For small residential swimming pools, a 
variety of design alternatives are possible, 
ranging from prefabricated aboveground 
plastic-lined metal containers to in-the- 
ground concrete structures, all connected 
by some means to the necessary filtering 
equipment. For specific design information 
in any locality, local swimming pool supply 
houses or contractors should be contacted 
and their offerings adapted to specific site 
conditions. 




NOTE' MOUNTAINOUS AREAS HAVE BEEN CROSS 
HATCHED. THE NUMBERS MAY NOT APPLY TO 
THESE AREAS SINCE RAINFALL IN THEM IS VERY 
SPOTTY AND VARIES SHARPLY. 
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Figure 740-3. Runoff area required to produce a given volume. 
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Figure 740-4. Hydrologic progression in permeable soils 
with a flat water table. 



Figure 740-5. Hydrologic progression in permeable soils 
with a sloping water table. 
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For larger swimming pools, those for 
institutional or public use, specialized pro- 
fessional engineering of the structural con- 
tainment and mechanical systems will usu- 
ally be necessary to optimize effectiveness 
and costs. 

3.3 Ponds and Lakes 

High-quality water for swimming can be 
found in naturally clean, existing ponds and 
lakes or in ponds and lakes specifically 
designed to control suspended sediments 
and nutrient inputs. (Refer to Section 330: 
Stormwater Management for information 
on the control of suspended sediments and 
nutrient inputs.) 

3.4 Stream Impoundments 

Site Selection: 

General design considerations for swim- 
ming impoundments on streams include: 

1 . Suitable soil conditions on the bottom 
(i.e., the less permeable, the better) 



2. A topographic form capable of being 
shaped into a pond at reasonable cost 
(minimum regrading) 

3. A site free of excessive organic 
materials 

4. An adequate water supply 

5. A watershed free of contaminants 

6. An impoundment volume large 
enough for long-term water storage 

A large watershed is in most cases nei- 
ther necessary nor desirable since, except 
for the initial filling of the pond, only 
enough additional water to compensate for 
leakage and evaporation is needed. (Refer 
to Section 330: Stormwater Management, 
for information on the calculation of runoff 
quantities.) 

Water Supply: 

Figure 740-2 shows the average dry year 
rainfall, less evaporation, for the United 
States. Note that in many areas the dry 
year rainfall exceeds the evaporation, so 



that if the impoundment had no leakage, 
no watershed beyond the water body itself 
would be necessary. However, since leak- 
age will occur and since the reservoir must 
be filled initially, some tributary area will be 
necessary. A professional geohydrologist 
should be consulted to estimate leakage. 
{Refer to Section 710: Water Supply, for 
more information.) 

Figure 740-3 shows the size of tributary 
area required to produce a given volume of 
makeup water to replace likely water loss- 
es. Note that even in areas that are rela- 
tively dry (except for very dry deserts), 
enough runoff water can be gathered dur- 
ing the rainy season if the watershed is 
carefully selected. 

Water Quality: 

To meet water quality standards desirable 
lor swimming: 

1. The site of the impoundment should 
be stripped of all organic material (i.e., 
vegetation, topsoil, peat, etc.). 
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2 The retention time of the water in the 
impoundment should be greater than 
1 year (i.e., the volume of the reser- 
voir divided by the annual rainfall 
runoff to it should be greater than 1). 

3. Suspended sediments and limiting 
plant nutrients (phosphates) must be 
rigorously excluded. 

4. The reservoir should be suitably 
shaped to allow natural pond clarifi- 
cation processes to occur. 

Reservoir Form: 

Naturally clear ponds will result from a 
number of mechanisms that contribute to 
water quality, including: 

1 Adequate depth, typically over 3 m 
(10 ft), to allow thermal stratification 
of the water and seasonal turnovers. 
This process leads to the seasonal for- 
mation of a natural ferrous sulfate 
floe, which traps and removes sus- 
pended particles that would otherwise 
be too fine to settle of their own 
weight. Note that the depth need not 
occur over the entire pond bottom 
but can be limited to a single large 
hole (probably near the dam). Refer 
to 5ection 420: Small Dams, for infor- 
mation on the design and construc- 
tion of small dams. 

2. Adequate shoal water, less than 1 to 
1.5 m (3 to 5 ft) deep, away from 
swimming areas and close to inflows 



to the pond. This will allow rooted 
aquatic vegetation to establish itself 
and absorb plant nutrients, thereby 
partially denying the nutrients to 
algae. Over time, this vegetation can 
be expected to occur through natural 
processes, but it can also be intro- 
duced artificially. 

Watershed Considerations: 

The watershed of a swimming pond need 
not be much larger than what is necessary 
to provide adequate makeup water for 
leakage and evaporation in a dry year, and 
it should not be large enough to yield more 
runoff in a wet year to drop the reservoir's 
storage ratio below 1. If this happens, it 
tends to create problems of increased sedi- 
ment. 

Equally important, the nutrient intake 
(especially phosphates) of the watershed 
must be carefully controlled to inhibit 
eutrophication. Common sources of phos- 
phates are geologic in origin (i.e., springs, 
seeps, and geohydrologic upwel lings) and 
urban in origin (runoff from roofs, pave- 
ments, etc.). 

To control urban runoff, a development's 
drainage that would normally flow into the 
pond should either be filtered in some way 
or diverted around the pond by ditch or 
culvert, including diversion of the entire 
inflow stream if necessary. 



The selection and design of a pond or impoundment for swimming depends on the 
purpose of the project, the size of the water body needed, and the particular ameni- 
ties of the site. 

1. A large watershed for a stream impoundment is in most cases neither necessary nor 
desirable. The volume of the reservoir divided by the annual rainfall runoff into it 
should be greater than 1. to minimize sedimentation. 

2. Swimming ponds should provide adequate depth, typically over 3 m (10 ft) to allow 
for thermal stratification and seasonal turnovers. These depths may be limited to a 
single large hole within the pond. 

3. Adequate shallow areas [less then 1.5 m (5 ft)] should be provided at inflow points, 
away from swimming areas, to absorb plant nutrients. This will minimize algae 
growth in the swimming areas 

4. The nutrient intake (especially phosphates) from geologic and urban causes must be 
carefully controlled to inhibit eutrophication Runoff from development should be fil- 
tered or diverted around the pond. If streams that flow into the pond are phos- 
phate-enriched (>15 ppb), an alternative site should be found. 

5. Shoreline treatments include riprap, stone armor, and various types of walls. 
Consideration should be given to human use, including ways to escape if someone 
falls into the water. 



To control geologic phosphate sources, 
the surface streams that flow into the 
impoundment should be tested. If they are 
phosphate-enriched (more than 15 parts 
per billion), they should be excluded or an 
alternative site should be found. 

Construction of Small Dams: 

Where a small dam or dike is needed to 
help retain water, several considerations 
regarding the location, design, and con- 
struction of the dam are important. Section 
420: Small Dams, discusses these and pro- 
vides information on the design and con- 
struction of several types of dams 

3.5 Excavated Ponds 

General: 

Ponds are sometimes feasible in borrow pit 
excavations and quarries. Their suitability 
for swimming is partially a function of their 
water quality and partially a function of 
safety (i.e., their form and depth). The lat- 
ter can often be improved by grading. 

Water Supply and Quality: 

Ponds in borrow pits or quarries are usually 
fed by a mixture of rainwater, runoff, and 
groundwater. If the runoff and groundwa- 
ter are bacterially clean and low in phos- 
phates (i.e., less than 15 parts per billion), 
the pond is likely to be attractive to swim- 
mers regardless of the source of the water 
However, where the runoff or groundwater 
is a problem either geologically or because 
of improper disposal of wastes in the 
region, the monitoring and control of 
runoff and groundwater flow into the pond 
is essential to the pond's acceptability. 

Surface runoff can be controlled by 
ditching and culverting, but groundwater 
flows must be controlled by the design of 
the excavation in order to achieve a hydro- 
static balance between rainwater and 
groundwater that excludes the unwanted 
groundwater. 

Figure 740-4 shows the hydrologic pro- 
gression that would occur in the develop- 
ment of a borrow pit in readily permeable 
soils in an area with a flat or nearly flat 
water table. Note that the natural process- 
es in regions with an excess of rainfall over 
evaporation (average year, not just dry 
year) will normally result in a clean, trans- 
parent water body. 

Excavation in an area with a sloping 
water table, however, will not produce the 
same effect unless carefully designed. 
Figure 740-5 shows a similar progression 
with a sloping water table. 
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In the case illustrated, with the resulting 
pond lower than the water table, ground- 
water will continue to flow in, and if the 
groundwater contains phosphates from 
any source, the pond is likely to become 
eutrophic. Correction of this condition is 
possible. Figure 740-6 shows several possi- 
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1.0 INTRODUCTION 



1.1 General 

■ rogation is sometimes necessary to keep 
I landscapes at an optimum functional or 
I aesthetical peak. Although all geograph- 
ic areas receive rainfall sufficient to sustain 
indigenous plant materials growing under 
natural conditions, situations involving 
introduced species, or species growing 
under less-than-ideal conditions, often 
require some form of irrigation to maintain 
healthy plant growth. 

This section focuses on various types of 
irrigation systems and on means for select- 
ing the most economical system for any 
given situation. 

1.2 Important Considerations 
Plant Growth Requirements: 

The quantity of water necessary for healthy 
plant growth must be determined in order 
to design an irrigation system of highest 
efficiency. If growth conditions are less than 



7.2 Control Systems 
Manual Systems 
Automatic Systems 

7.3 Controllers 

7.4 Valves 
Manual Valves 
Automatic Valves 
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Concrete Pipe 

7.6 Backflow Preventors 
Antisiphon Devices 
Back-Pressure Devices 

7.7 Supplementary Equipment 

ideal, supplemental water may be neces- 
sary to overcome incidences of plant stress. 

Some plantings may require irrigation 
during construction processes, or during 
and after transplantation until established 
A controlled application of water will great- 
ly improve the germination rate in seeded 
areas and will enable seedlings to develop 
to maturity Turfgrass is used most often in 
nonnative environments, and even though 
some varieties are drought-tolerant, a reg- 
ular schedule of water is necessary to main- 
tain a green, healthy turf. 

Conservation of Water: 

Conservation of water is an important eco- 
logical issue. Along with water depletion, 
common problems include saltwater intru- 
sion and land subsidence. The rising cost of 
water requires efficient use and manage- 
ment of all water resources. 

Automatic sprinkler systems are 
designed to increase the efficiency of land- 
scape water usage. Efficiency is accom- 
plished by first determining which plant 
materials require irrigation and how much 
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water is required, and then designing irri- 
gation systems which apply that water with 
minimum waste. 

Effluent water is being used in many 
areas as a conservation measure, with con- 
siderable success. (Refer to 2.4 Effluent 
Water in this section for more information.) 



2.0 WATER SOURCES 



2.1 Municipal Water 

Most landscape projects use potable water 
provided by the local water district. 

Research necessary at the outset of an 
irrigation project includes; 

1. The possibility of an alternative 
source of water that would be more 
cost-effective on a long-term basis. 

2. A determination of existing static 
pressure in municipal lines (includ- 
ing high and low times), of the size 
of the main line in closest proximity 
to the project site, and of any local 
codes that may be pertinent to the 
installation of an irrigation system. 



Table 750-1. RAINFALL AND EVAPOTRANS PI RATION DATA (EXAMPLE) 
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Apr. 


May 
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3.56 


3.90 


4.00 


3.96 


4.41 


3.73 


4.43 


3.25 


4.06 


3.41 


44.79 


EVT 


0.00 
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0.46 


1.51 


3.33 


4.78 


5.77 


.1 'H 


3.05 


1.61 


0.58 


0.00 


26.02 


D1FF 
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3.48 
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3.10 


4.09 


3,84 


i 58 


3.71 


3.60 


3.79 


3.95 


3.23 


4.14 


3.60 


44.49 
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(I 0(1 


0.00 


0.67 


1 79 


3.66 


5.30 


6 38 


5.50 


3.55 


1.89 


0,76 


0.00 


29.50 


DIFF 


3,86 


3.10 


3.42 


2.05 


-0.08 


-1.59 


-2.78 


-1.71 


0.40 


1.34 


3.38 


3.60 
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Coastal (Boston) 




























RF 
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3.B6 
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3.17 
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3.85 
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3.33 


4.1 1 


3.73 


43.37 


EVT 


0.00 


0.00 


0.73 


1 71 


3.37 


4.95 


6.1 B 


5.48 


3.58 


2 OS 


0.87 


0.30 


29.22 


Din 


4.04 


3J7 


3.46 


2,15 


-0.14 


-1.78 


-3.33 


-1.63 


0.06 


1.28 


3.24 


3.43 


14.15 



m 

Newer RF — rainfall, EVT — evapotranspiralion rate. DIFF— the average amount of water needed to be added per 
^ month to sustain healthy turf. 
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3. Investigation into municipal 
water and sewer rates, based on 
water meter readings. Separate 
water meters for the irrigation 
system may exclude owners from 
paying a sewer surcharge. 

2.2 Lakes, Ponds, Reservoirs, 
Streams, and Rivers 

Natural bodies of water can be used very 
effectively, depending on the riparian rights 
of that water. 

Design considerations include: 

1. Pump capabilities and the power 
(usually electric) required to operate 
the pump. 

2. The quality of water at different 
seasons during usage (filtration 
must usually be provided). 

3. The possibility of having to trans- 
port water from one source to a 
holding pond or reservoir (depend- 
ing on the water requirements). 
This is especially common in golf 
course applications, where even 
potable city water is used on occa- 
sion to maintain water levels in a 
body of water that is ultimately 
used for irrigation. 

2.3 Wells 

High water tables are a good source of irri- 
gation water, even for small installations. 

Design considerations include: 

1 . The amount of water available, i.e., 
how much consistent flow is real- 
ized (sometimes water is available, 
but replenishment is not achieved 
at a rate adequate for the system's 
demand). 

2. The amount of sand particles 
pumped with the water. Sprinkler 
heads with small orifices in the noz- 
zle may have to be avoided. 

2.4 Effluent Water 

Effluent water (also referred to as recycled 
water, gray water, sewage effluent, waste- 
water, and recycled sewage) Is basically liq- 
uid sewage from a municipal sewage plant 
or industrial plant which has been treated 
and is ready for disposal. Effluent water is 
more than 99 percent pure water and by 
recent federal legislation is treated in a 
manner similar to drinking water. 

In the United States, the vast majority of 
effluent water is pumped into rivers or 
streams (eventually to end up in the 



ocean), although it has seen much greater 
use for irrigation of agricultural fields and 
other land uses in recent years. Many 
industrial plants use their own effluent to 
irrigate their grounds, and a number of golf 
courses use effluent water for irrigation. 
Some new communities have built net- 
works of pipe (separate from potable water 
and sewage lines) for carrying effluent 
water. In such communities, effluent water 
would not be affected by the possibility of 
rationing. 

Most states in the United States do not 
bar the use of effluent to irrigate turfgrass- 
es. Not only can the use of effluent be a 
real aid to turfgrass maintenance, but it can 
serve to replenish groundwater resources. 
Turfgrass will effectively remove most of 
the impurities in effluent, and percolation 
through the soil will remove the remainder. 

Acquisition: 

Both municipal and industrial sewage treat- 
ment plants can supply effluent water for 
use in irrigation. The facilities should be rel- 
atively close to the site requiring irrigation, 
since piping long distances is usually cost- 
prohibitive. Facilities will provide effluent in 
volumes ranging from a few thousand gal- 
lons to several million liters or gallons per 
day. 

Analysis: 

Effluent water available from any source 
should be analyzed for its suitability as irri- 
gation water. Not all effluent can be used 
on turfgrasses, for instance. Chemicals that 
exist in the potable water supply of a 
municipality will exist in even greater con- 
centrations in its effluent water (sometimes 
at a level toxic to plants); chemicals such as 
boron and sodium are especially important 
to monitor. The salt levels may not be toxic, 
but a means may have to be provided to 
prevent the problem of salt buildup. 

The levels of nitrogen, phosphorus, and 
potassium found in most effluent are often 
high enough that users may only have to 
use one-fourth as much fertilizer as without 
effluent water, or sometimes none at all. 

Permits and Regulations: 

When effluent water is used for irrigation, 
permits have to be secured from appropri- 
ate authorities. Pollution control agencies 
will be involved, as well as county health 
departments 

Public Attention: 

In many jurisdictions, regulations now 
require the identification of effluent water 



use for irrigation. There is no reason to be 
secretive about using effluent for landscape 
irrigation purposes, but public attention will 
nevertheless be drawn to practices that 
seem potentially harmful. 

Assessing Water Requirements: 

Before an agreement can be signed with a 
municipal agency or industrial treatment 
plant to accept effluent for irrigation, the 
amount of water required to irrigate the 
site must be accurately calculated. 
Overcommitments are as problematic as 
undercommitments. 



3.0 DESIGN CRITERIA 



3.1 Climatic Conditions 

Rainfall: 

The amount of annual rainfall in a given 
area will determine the selection of plant 
materials as well as the type of irrigation 
system most appropriate in that area. The 
U.S. Weather Service keeps annual rainfall 
data for the entire United States but such 
data alone will not determine whether or 
not an irrigation system is necessary in any 
particular region. 

Six major factors determine the need to 
apply water in quantities greater than 
annual precipitation. These are: (1) the 
length of the growing season, (2) the rain- 
fall or precipitation rate (during the grow- 
ing season), (3) the evaporation rate, (4) 
the type of soil present, (5) the transpira- 
tion rate of the plants to be irrigated, and 
(6) the water requirements of the plant 
materials. In this regard, the factor of great- 
est importance is the water deficit, i.e., the 
difference during the growing season 
between natural precipitation and the 
amount of water required for satisfactory 
growth. 

Rainfall and evapotranspiration data for 
the United States, Canada, and other parts 
of the world are readily available. In the 
United States, local offices of the U.S. 
Weather Service can provide rainfall data. 
Data on evapotranspiration are available in 
a report by Marvin E. Jensen (ed.), 
Consumptive Use of Water and Irrigation 
Water Requirements (cited in the Refere- 
nces at the end of this section). 

Table 750-1 is an example of rainfall and 
evapotranspiration data for the state of 
Massachusetts. 

Wind: 

Wind will disrupt the uniform distribution 
of water from a conventional irrigation sys- 
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tem, causing areas not intended to be 
watered to be irrigated and causing areas 
intended to be watered to develop dry 
spots. Timers should be set to irrigate when 
the wind speeds are minimal, such as in the 
early morning hours. In addition, sprinkler 
head spacing, arc. and location can be 
designed to compensate for prevailing 
winds. Sprinkler heads with lower trajecto- 
ries and larger orifice sizes can also be used. 

Windy areas also have a greater evapo- 
ration rate than do similar areas that are not 
windy and thus may require more water. 

3.2 Soil Characteristics 

The percolation rate is an important char- 
acteristic influencing the design of conven- 
tional irrigation systems, and capillary 
action becomes important when lateral 
movement of water is required (as in drip 
systems and furrow flooding). In drip irriga- 
tion, the area of soil wetness is commonly 
referred to as the onion since a soil profile 
In a loam soil will produce a wet area 
shaped like an onion. A sandy soil will pro- 
duce a shape similar to a carrot. 

With a conventional sprinkler system, 
the main objective is to apply water at a 
rate that the soil can accept, without caus- 
ing runoff. A typical soil will accept about 8 
mm V/i in) of water per hour before runoff 
occurs. Some sprinkler systems have a pre- 
cipitation rate as high as 100 mm (4 in) per 
hour. Station timing can be adjusted 
according to the percolation rate of the soil 
and the precipitation rate of the sprinkler. 
Often, a repeat cycle or additional watering 
cycles of shorter duration must be planned 
in order to prevent runoff. 

Precipitation rates for sprinklers in milli- 
liters per hour (mlh) or inches per hour 
(in/h) can be calculated by using the three 
formulas below. The first two formulas 
apply only to systems using matched pre- 
cipitation heads (i.e., a quarter-circle head 
emits exactly one-quarter that of a full cir- 
cle head). 

Precipitation rate formulas (in/h or 
mlh): For triangle-spaced sprinklers with 
matched full-circle heads: 



For square-spaced sprinklers 
matched full-circle heads: 



with 



C 

.2 mlh = 

E 



o 



LPM x 60 



in/h = 



(spacing)' x 0.866 



CPM X 96.3* 



(spacing)-' 



mlh = 



in/h = 



LPM x 60 
(spacing^ 



GPMX96.3* 



(spacing)-' 



For sprinkler heads that are not matched 
and for layouts with irregular spacing of 
sprinkler heads, an average precipitation 
rate can be determined by using the fol- 
lowing formula: 



mlh = 



LPM x 60 
meters' 



in/h = 



GPMX96.3" 
(feet)-' 



With drip irrigation systems, it is impor- 
tant to determine the extent of the root 
zone to be irrigated and then to design the 
onion to envelop that zone. In areas of 
infrequent rainfall, where the primary 
source of water is the drip system, the roots 



will seek that onion. Where irrigation is 
supplemental, the designs are more critical 
because the roots are more dispersed. 
Sandy soils may require the use of more 
emitters and shorter watering cycles. 

3.3 Plant Materials 

A knowledge of plant materials is invalu- 
able when designing irrigation systems. All 
plants have special requirements which 
have to be met if optimum health and 
physical appearance are to be maintained 
For instance, roses are sub|ect to powdery 
mildew, rust, and other diseases if subject- 
ed to water on their leaves (as are a host of 
other plants), and plants like camellias, aza- 
leas, and rhododendrons prefer to be (and 
look their best when) watered from an 
overhead system. 

3.4 Available Watering Time 

Available watering time is usually a concern 
only when designing large projects, such as 
golf courses. After the water requirements 
and the number of hours available to water 

■ 96 3 Is a constant based on the fact that 1 gal = 
231 in' and there are 144 iriVft-'. thus. 231/144 = 
1 604 m/(tt-) (gpmUnd 1 .604 x 60 minutes = 
96 3 iri/m-Xhour) 



Climate, soils, plant materials, site layout and economic concerns all influence irriga- 
tion strategies. 

1 . The climatic factor of greatest importance is the water deficit, the difference during the 
growing season between natural precipitation and the amount of water required for 
satisfactory growth. 

2. Windy areas have a greater evaporation rate and may require more water. To avoid dis- 
ruption from air movement, timers should be set to irrigate when the wind speeds are 
minimal, or heads with lower trajectories and larger orifice sizes may be used. 

3. With a conventional sprinkler system, the main objective is to apply water at a rate that 
the soil can accept, without causing runoff. Station timing can be adjusted according to 
the percolation rate of the soil and the precipitation rate of the spnnkler. With drip irri- 
gation systems, it is important to determine the extent of the root zone to be irrigated 
and then to design the area of wetness to envelop that zone. 

4. Early morning hours are usually the best time to water because wind speeds are typi- 
cally low. evaporation is at a minimum, and plant leaves do not remain wet for long 
periods of time. 

5 Most small system designs tend to use square spacing unless the area is a free-form or 
irregular shape Large areas like athletic fields, however, are typically designed for tri- 
angular spacing. 

6. Sprinklers should not spray directly into a plant, building or other structures at close 
range because of possible damage and to prevent a void from occuring on the oppo- 
site side of the disrupting object. 

7 Changes in elevation will affect water pressure, may cause low-head drainage, and dis- 
rupt the distribution of irrigation spray. Irrigation design must compensate for such 
occurrences by the selection of proper equipment and appropriate layout 
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have been determined, the pump size can 
be determined (or the size of the main line 
if connecting to the municipal water). The 
more sprinklers that are on at any given 
time, the greater the water demand will be 
and the larger the water source required. 

Early morning hours are usually the best 
time to water because wind speeds are typ- 
ically low, evaporation is at a minimum, and 
plant leaves do not remain wet for long 
periods of time. 

3.5 Property Size and Shape 

In landscape projects, the shapes of the 
areas to be irrigated seldom lend them- 
selves to an exact equilateral triangular 
spacing of sprinklers (as is recommended 
by sprinkler manufacturers). Most small 
system designs tend to use square spacing 
unless the area is a free-form or irregular 
shape. Large areas like athletic fields, how- 
ever, are typically designed for triangular 
spacing 

3.6 Location of Buildings, Trees, 
and Other Fixed Objects 

Fixed objects have to be accounted for in 
the design of sprinkler systems and should 
be marked on a plot plan at the outset of 
the project. Sprinklers should not spray 
directly into a tree or shrub at close range 
because of possible harm to the plant and 
because a void results on the opposite side 
of the disrupting object Buildings located 
within the sprinkler pattern cause a wasting 
of water, create saturated areas on the 
ground, and may cause brick and other 
types of masonry to effloresce (become 
powdery), and cause unsightly discol- 
oration. 

Concern should also be given to walk- 
ways and property lines. Some walkway 
systems are sufficiently complex that the 
most efficient design will simply ignore the 
walkways and include these areas as part of 
the pattern. This often allows the use of 
larger rotating heads instead of spray 
heads. However, the use of the walkway 
and local codes may preclude such efficien- 
cy. The likelihood of surprised or annoyed 
pedestrians is also a consideration. 

If overthrow of water will occur on 
neighboring property, the owners should 
be contacted before proceeding with the 
design. 

3.7 Elevation Changes 

Any site with significant elevation differ- 
ences will require the use of a topographic 
map. Pressure in kilopascal (kPa) or pounds 




Figure 750-1. Quick-coupler valve. 




Figure 750-2. Typical drip emitter. 



per square inch (psi) is an important factor 
in an irrigation system. Each foot of eleva- 
tion change brings a corresponding change 
in pressure of 2.986 kPa (0.433 psi). It is 
important that the sprinkler pressure rec- 
ommended by the manufacturer be real- 
ized. Too little pressure will alter the pattern 
and create dry spots and will sometimes 
prevent a rotating head from rotating. 
Excessive pressure will cause such atomiza- 
tion that much of the water will be lost to 
the atmosphere. 

Another problem associated with signifi- 
cant changes in elevation is low-head 



drainage; that is. when a valve is turned 
off, the sprinkler at the lowest elevation in 
that system will continue to drain until all 
pipes located higher than that head are 
void of water. This may necessitate the use 
of check valves or the selection of heads 
with built-in check valves. On large turf- 
grass projects, another solution may be to 
design valve-in-heads, i.e., heads with an 
automatic valve built into the unit or valve 
under head. 

On landscape projects with built-up Q 
berms, similar considerations are important \fi 
Berms are sometimes built from an outside i^. 
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Figure 750-3. Single-outlet emitter installation (lateral line). 
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Figure 750-4. Single-outlet emitter installation (polyvinyl tubing). 
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Ift Figure 750-5. Multiple- outlet emitter installation (lateral line). Future distnb- 
ution tubes can be installed but not connected. 



source of soil which may differ, in terms of 
drainage characteristics, from existing on- 
site soils. Berms will also drain faster than 
level ground because of slope. 8erms are 
often irrigated by a separate station, or, 
alternatively, system layouts are designed 
so that berms will receive more water. 
Careful attention should also be given to 
the actual location of the sprinklers and the 
plant materials. For example, sprinklers 
placed at the bottom edge of a mound can 
cut into the base of plants located higher 
up on the mound, 

3.8 Economic Considerations 

The costs of an irrigation system are diffi- 
cult to determine until a design and a set of 
specifications have been completed. The 
costs also vary significantly from one geo- 
graphic area to another. On a price- per- 
square-foot basis, large turf areas cost con- 
siderably less to irrigate than do areas con- 
sisting of smaller mixed plantings. Instal- 
lation techniques and maintenance prob- 
lems also have to be considered. Proper 
hydraulic engineering will prevent costly 
problems later in the life of a system. 

The long-term maintenance expense of 
an irrigation system is an important consid- 
eration. For example, the initial cost of a 
pop-up sprinkler head may exceed that of 
a stationary head, but in a lawn area the 
savings are rapidly lost to additional main- 
tenance expenses. Vandalism is also an 
issue especially with systems that include 
exposed components. 



4.0 TYPES OF IRRIGATION 



4.1 Sprinkler Irrigation Systems 

Sprinkler irrigation systems refer to those 
with sprinkler heads Because these systems 
are so widely used, they are given detailed 
coverage in 6.0 Hydraulics Engineering and 
7.0 Sprinkler Irrigation Systems later in this 
section. 

4.2 Quick-Coupler Systems 

Often referred to as a snap-valve system or 
manual system, a quick coupler is a valve 
which is opened when a quick-coupler key 
is inserted (Figure 750-1). As the key is 
rotated, an increase in water volume is real- 
ized, much as when turning the handle on 
a hose bibb. A hose or sprinkler head can 
be attached to the key to distribute the 
water as required. Even on totally automat- 
ic system designs, quick couplers are often 
dispersed throughout the design to provide 
additional water access for maintenance 
purposes On golf course and other large 
turfgrass projects, quick couplers are 
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spaced at appropriate intervals to accom- 
modate large rotary heads. For reasons of 
water economy and lack of control, how- 
ever, the use of quick couplers on large tur- 
fgrass projects is declining in favor of a fully 
automatic sprinkler system. 

4.3 Drip/Trickle Systems 

Although drip systems are most applicable 
to types of agriculture in which the plant 
material is of the same variety, with uni- 
form size and spacing, they are increasing- 
ly being designed into landscape projects 
because of their efficiency. The orifices of a 
drip system are small, however, and can 
sometimes become clogged if the system is 
improperly designed for the purpose 
intended. 

The primary element of a drip system is 
the emitter, of which several types are 
available (Figure 750-2). Some emit 
droplets of water, while others (referred to 
as aerosol emitters) emit minute streams of 
water. Generally, emitters (all into one of 
two categories: compensating emitters and 
noncompensating emitters. Noncompensa- 
ting emitters will release a set amount of 
water at a given pressure (determined by 
graphs provided by the manufacturer); 
greater pressures emit more water, and 
lower pressures emit less water. Friction loss 
and elevation changes have to be carefully 
determined when using noncompensating 
emitters. 

For maximum efficiency in water use, all 
systems with long pipe runs or significant 
elevation changes are best designed with 
pressure compensating emitters. These are 
designed to compensate for pressure differ- 
ences and will emit a predetermined 
amount of water through each emitter at a 
uniform rate within a particular pressure 
range. 

Since clogging is sometimes a problem 
with drip irrigation systems, special atten- 
tion should be given to filtration design. 
When the water source for an irrigation 
system is potable or otherwise clean and 
free of visible particulates, screen filters are 
usually adequate to protect the system 
from any pipe breaks upstream. Exceptions 
occur in some areas when diatomaceous 
skeletal remains occur in the form of a slime 
during certain seasons (usually late summer 
and fall). 

Diatomaceous slime will accumulate 
rapidly around the screen filter, causing 
flow loss downstream (flow loss is often an 
indicator of a dirty filter). As pressure builds 
up at the filter, slimy debris is forced 
through the screen and eventually clogs the 




Figure 750-6. Multiple-outlet emitter installation (polyvinyl tubing). 




Figure 750-7. Typical emitter installation for trees with tree grates. 



Selection of the appropriate irrigation technique is based on the sire of the project, site 
conditions, climate, and local practices. 

1. Sprinkler systems are the most widely used type of irrigation. Refer to 7.0 Sprinkler 
Irrigation System for information on sprinkler head selection and layout. 

2. Quick-coupler systems include a valve which is opened when a key is inserted (Figure 
750-1). A hose or sprinkler head can be attached to the key to distribute the water as 
required They are often used in combination with automatic systems to provide supple- 
mental water access. 

3 Drip systems are increasingly being designed into landscape projects because of their effi- 
ciency. The orifices of a drip system are small, however, and can sometimes become 
clogged if the system is improperly designed for the purpose intended. 
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emitters. Similar problems with slimy mate- 
rial exist if the pipe is not absolutely opaque 
(i.e., is subjected to sunlight) because alfiae 
can grow on the internal walls ot the pipe 
and eventually break free. Algal growth can 
be eliminated by specifying quality opaque 
drip hose and by burying all other pipe. 
When slimy matter is encountered in the 
source water, a sand filter should be used. 
For small systems in which a sand filter 
would not be economically practical, the 
maintenance schedule should include fre- 
quent filter cleaning. 

Filters should be located throughout 
larger drip systems so that a pipe break 
near the beginning of the system will not 
contaminate the entire system. Ideally, the 
system should be buried, yet accessible. 
Figures 750-3 through 750-7 show typical 
installations of both single- and multi-out- 
let emitters. 



5.0 APPLICATION AND DESIGN 



5.1 Golf Course Irrigation 

Specialized systems for golf course irriga- 
tion often provide functions beyond that of 
satisfying the water requirements of turf- 
grasses, although that is their primary func- 
tion. For instance, there can be provided a 
syringe cycle, which is a sprinkle cycle that 
is operated from the central control for only 
a few minutes, rather than the full irrigation 
cycle. Syringe cycles are used to provide 
earlier play schedules by eliminating dew or 
frost from tees and greens. During hot 
afternoons, a short syringe cycle will add 
humidity to the air, which can reduce stress 
on turfgrasses. 

The desire for greens and fairways that 
are closely cropped— as well as the traffic 
from golf carts, heavy mowing equipment, 
and golfers — places unusual stress on the 
turfgrasses of most golf courses. 
Turfgrasses must be kept in a healthy, 
turgid state if they are to remain resilient to 
such use. Although designing the irrigation 
system for golf courses is not difficult, it is 
an extensive procedure and does require a 
good understanding of pumps and special 
design techniques. Consultation with irriga- 
tion specialists, golf course architects, and 
manufacturers of irrigation equipment is 
recommended. 

52 interior Plantings 

Interior plantings often have special irriga- 
tion requirements that are best accom- 
plished manually. A quick coupler or a hose 
bib can be located at each planted area in 
order to avoid extensive dragging of hose 
line. The type of irrigation employed for 



interior plantings will largely depend on the 
plant materials involved and the microcli- 
matic conditions present. Some planting 
designs require nozzles that fog an area (to 
increase the humidity level), and some 
require sprays to keep plant leaves clean. 
Some are best watered by drip systems so 
that an appropriate amount of water is 
delivered to each plant. 

5.3 Athletic Fields 

The components of irrigation systems for 
athletic fields must be as inconspicuous as 
possible, because anything that projects 
above ground will become both a safety 
hazard and subject to vandalism. Sprinkler 
heads with a low profile are preferable. 
Several types of heads are available that are 
designed especially for athletic fields. 

Since athletic fields are standard in mea- 
surement, most sprinkler manufacturers 
have typical designs available on request. 
Most manufacturers also have heads with 
rubber covers, or have rubber cover kits 
available. 

5.4 Other Applications 

Sprinkler systems are available that are spe- 
cially designed for dust control, including 
some for use during construction and some 
for clay tennis courts, etc. 



6.0 HYDRAULICS ENGINEERING 



In all piped irrigation systems, designs will 
include calculations for hydraulic pressure 
(measured in kPa or psi), velocity (mea- 
sured in m/s or fps), and flow (measured in 
mlh or gpm). 

6.1 Sprinkler Water Requirement 

Sprinklers are designed by manufacturers 
to emit a specific amount of water (mlh or 
gpm) at a specific pressure (kPa or psi). 
These data will vary by type of head and 
between manufacturers Most manufactur- 
ers will list a range of pressures for a partic- 
ular head, with the corresponding ml (gal- 
lons) and radius of throw at each pressure 
listed. 

Velocity is a relevant quotient not in 
terms of meters per second (fps), but rather 
in terms of radius of throw. This will deter- 
mine the spacing of the sprinkler heads. 
Sprinkler charts will show that the pressure 
(kPa or psi), flowrate (mlh or gpm), and 
radius of throw are all relative to one 
another. As one value increases, the other 
two will also increase. However, this rela- 
tionship will not hold true in pressure 
ranges that exceed the chart, since excess 
atomization caused by excess pressure will 



actually decrease the radius of throw. 
Conversely, a pressure which is less than 
that listed in a manufacturer's chart will dis- 
tort the distribution pattern to a point at 
which it is no longer functional. In the case 
of rotating heads, some may not rotate. 

The ideal working pressure of a particu- 
lar sprinkler head, if not specifically listed 
by the manufacturer, will usually fall near 
the middle to high end of the pressures list- 
ed. The results achieved at this middle to 
high end psi are a maximum radius, an 
ideal water breakup, and a uniform rotation 
for the rotating heads. 

6.2 Pipe Sizing 

In any irrigation system, the sizing and 
routing of pipe should be done in a matter 
which is most economical during installa- 
tion, yet which is also durable to the extent 
that unnecessary long-term maintenance 
and repair will be avoided. The particular 
sprinkler heads selected, the nozzle sizes, 
and the number of heads running together 
determine the required flowrate (mlh or 
gpm). 

The static pressure in a system must be 
greater than the sprinkler head require- 
ment, since a certain amount of pressure is 
always lost to friction (unless there is down- 
hill elevation change or a booster pump 
which will increase pressure). The friction 
loss vanes with the length of pipe, the type 
of pipe, the pipe size, and the quantity and 
speed at which the water is moving 
through the pipe. Pipe fittings also con- 
tribute to friction loss, especially fittings 
(such as 90-degree elbows) that cause a 
major change in water direction. This is 
normally significant; however, it should be 
noted that some pipe friction-loss charts 
account for an average number of fittings 
In a system (Table 750-2). When working 
on small areas that require many fittings, 
additional friction loss should be calculated 
by using a fitting friction-loss chart. These 
are normally included as part of the data 
supplied with various manufacturers' charts 
for pipe friction loss and are not included 
here. 

The velocity of water in a system is per- 
haps the most overlooked aspect of pipe 
sizing. Although a system with excess 
velocities will still function, problems of 
surge pressure and water hammer can be 
minimized by keeping the velocities 
throughout the pipe at 1 .52 m/s (5 fps) or 
less. This ultimately results in less mainte- 
nance and less chance of pipe breakage. 
When compensating for excess pressures 
due to high static pressure at the source or 
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Table 750-2. FRICTION-LOSS TABLE FOR PIPE (PVC 1120-1220 CLASS 160 IN)* 



Loss per pipe length noted, pji § 



Lirim T 


Velocity 


5 


10 


20 


30 


40 


50 


60 


70 


SO 


90 


100 










1/2-in 


pipe, 


0.7 20- in -inside diameter 












I 


0.8 


0.01 


0.02 


0.04 


0.06 


0.08 


0.10 


0.12 


0.14 


Oil) 


0.1B 


0.20 


2 


I r. 


0.04 


0.07 


0.15 


0.22 


0.30 


0.37 


0.44 


0.52 


0.59 


0.67 


0.74 


3 


2.4 


0.08 


0.16 


0.31 


0.47 


0.62 


0.78 


0.94 


1.09 


1.25 


i 4(1 


1.56 




3.2 


0.1 J 


0.27 


0.54 


0.80 


1.07 


1 .34 


1.61 


1.88 


2.14 


2.41 


2.68 


5 


4.0 


0.20 


0.40 


0.81 


1.21 


1.62 


2.02 


2.42 


2.83 


3.23 


3.64 


4.04 


b 


4.8 


0.29 


0.58 


1.15 


1.73 


2.30 


2.BB 


3.46 


4.03 


4.61 


5.18 


5.76 


7 


5.6 


0.38 


0.77 


1.53 


2.30 


3.06 


3.83 


4 1,0 


5 36 


6.13 


6.89 


7.66 


B 


6.4 


0.49 


0.98 


1.96 


2.93 


i 91 


4.89 


5.87 


6.85 


7.82 


8.80 


9.78 



3/4-in pipe, 0.930-in-inside diameter 



2 


0.9 


0.01 


0.02 


0.04 


0.07 


0.09 


0.11 


0.13 


0.15 


0,18 


0.20 


0.22 


A 


1.9 


0.04 


0.08 


0.16 


0.23 


0.31 


0.39 


0.47 


0.55 


0.63 


0.70 


0.78 


6 


2.8 


0.09 


0.17 


0.34 


0.50 


0.66 


0.83 


1.00 


1.16 


1.34 


1.49 


1.66 


8 


3.8 


14 


0.28 


0.56 


0.85 


1.14 


1 42 


1.70 


1.99 


2.27 


2.56 


2.84 


W 


4.7 


0.22 


0.43 


0.86 


1.29 


1,72 


2.15 


2.58 


3.01 


3.45 


3.87 


4.30 




5.7 


0.30 


0.60 


1.20 


1.80 


2.40 


3.00 


3.60 


4.20 


4.80 


5 40 


6.00 


J4 


6.6 


0.40 


0.80 


1.60 


2.40 


3.20 


4.00 


4.80 


5.60 


6.40 


7.20 


8.00 



1-in pipe, 1.195-in-inside diameter 



6 


1.7 


0.03 


0.05 


0.10 


0.15 


0.20 


0.24 


0.29 


0.34 


39 


0.44 


0.48 




2.3 


0.04 


0.08 


0.16 


0.25 


0.34 


0.42 


0.50 


0.59 


0.67 


0.76 


0.84 


to 


2.9 


0.07 


0.13 


0.26 


0.38 


0.50 


0.63 


0.76 


0.88 


1.02 


1,13 


1.26 


12 


3.4 


O.09 


0.18 


U Jf, 


0.53 


0.71 


0.89 


1.07 


1.25 


1.43 


1.60 


1.78 


M 


4.0 


0.12 


0.24 


0.48 


0.71 


0.94 


118 


1.42 


1.65 


1.89 


2.12 


2.36 


16 


4.5 


0.15 


0.30 


0.60 


0.91 


1,21 


1.52 


1.82 


2.12 


2.43 


2.73 


3.04 


18 


5.1 


0.19 


0.38 


0.76 


1.13 


1.50 


1.88 


2.26 


2.63 


3.01 


3.38 


3.76 


20 


5.7 


0.23 


0.46 


0.92 


1.37 


1.82 


2.28 


2.74 


3.19 


3.65 


4.10 


4.56 


22 


6.3 


0.28 


0.55 


1.10 


1.65 


2.20 


2.75 


3.30 


3.85 


4.40 


4.95 


5.50 


24 


6.8 


0.38 


0.65 


1 . \i> 


1.94 


2.58 


3.23 


3.88 


4.52 


5.23 


5.81 


6.46 



■ Name ol pipe and its pressure grouping. The C value constant used in determining friction losses, based on relative 
smoothness of the interior of the pipe is 1 50. 



t Gallons per minute flow is given in equal increments with logical increment spacing to satisfy most designer needs. 
$ Velocity of water through pipe. In no instance are friction losses given where the velocity exceeds 7 fps as this 
should be the extreme limit of velnc ily in design. 

i Friction loss of water through pipe m increments of 10 ft up to 100 ft with an additional column for 5 ft. This 
enables rapid selection of loss in all length pipe runs 



to large downhill elevation changes, pipe 
velocities should continue to be designed at 
1.52 m/s (5 fps) or less. Excess pressures 
should be controlled by devices such as 
pressure regulators and pressure regulating 
valves and by adjusting the flow control of 
a valve. 

6.3 Valve Sizing 

Most automatic valves withstand velocities 
well in excess of 1.52 m/s (5 fps). and most 
actually function better with greater differ- 
entials between the inlet and outlet pres- 
sures (i.e., a friction loss through the valve 
must occur in order for most automatic 
valves to operate). The main concern when 
sizing valves is to determine how much 
pressure (friction loss) can be lost while still 
achieving the desired working pressure at 



the last sprinkler head. It is relatively com- 
mon to use a valve smaller than the down- 
stream pipe (which may be larger to keep 
the pipe velocities under 1 .52 m/s (5 fps). 

Valve sizes should be designed so that 
the flow rates fall toward the middle of the 
manufacturer's friction-loss chart for a par- 
ticular valve size. This will usually give the 
best performance, efficiency, and economy. 

6.4 Flow and Friction Loss through 
Other System Components 

All system components that have water 
flowing through them will have some fric- 
tion loss. If the point of connection is a 
potable water supply with a meter, the fric- 
tion loss through the meter must be calcu- 
lated, along with the pipe friction loss from 



the street to the meter From the point of 
connection, the friction loss must be calcu- 
lated through the following: the main line, 
the valves, and the backflow or antisiphon 
device; any manual gate, globe, or ball 
valves in the line; and other special compo- 
nents, such as filters or chemical injecters 
Friction -loss charts are provided by compo- 
nent manufacturers and will vary from one 
manufacturer to another. Unless velocity 
data are given for each component, they 
can be treated as if they were valves, in 
that for a given size, a specific friction loss 
will be realized at any flow. 

6.5 Control Wire and Control 
Tubing Sizing 

Just as friction losses occur in pipe, voltage 
drops occur through electrical wire. If a cur- 



O 



O 
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Table 750-3. MAXIMUM CONTROLLER TO SOLENOID WIRE LENGTH, FT 









Maximum number of solenoids activated 










simultaneously by 


controller = M 










1 


Copper wire size 


Controller output votta** (VAC) 


Control 


Common 


21 


22 


23 


24 


25 


26 


27 


28 


18 


IB 


225 


450 


667 


890 


1112 


133S 


1557 


1780 


18 


16 


273 


54b 


819 


1092 


1366 


1619 


1912 


2185 


10 


16 


354 


707 


1061 


1415 


1768 


2122 


2476 


2829 


16 


14 


411 


861 


1292 


1723 


2153 


2584 


3015 


1446 


14 


14 


550 


1 101 


1651 


2202 


2753 


3303 


3854 


4404 


14 


12 


677 


1353 


2ii2'i 


2706 


3382 


4058 


4735 


5411 


14 


10 


789 


1578 


2 11,7 


3156 


3946 


4735 


5524 


6313 


12 


12 


877 


1753 


2630 


3507 


4184 


5261 


6138 


7014 


Control Common 


M ■ 2 


18 


18 


112 


222 


333 


445 


556 






890 


18 


lb 


137 


273 


409 


546 


681 


819 


956 


1092 


16 


lb 


177 


J53 


530 


707 


884 


1061 


1238 


1415 


If. 


14 


21b 


430 


64b 


861 


1007 


1292 


1507 


1723 


14 


14 


276 


550 


82 b 


1101 


1376* 


1652 


1927 


2202 


14 


12 


338 


67b 


1014 


1353 


1691 


2029 


2367 


2706 


14 


11) 


394 


789 


1183 


1578 


1973 


2367 


2762 


3156 


12 


12 


439 


877 


1315 


1754 


2192 


2630 


1069 


3507 


Control 


Common 








M = 3 










\a 


18 


•4 


148 




297 


171 


445 


51'l 


59 3 


IB 


lb 


91 


182 


273 


164 


455 


546 


637 


728 


it 


16 


117 


235 


353 


471 


589 


707 


825 


943 


ib 


14 


141 


287 


430 


574 


718 


861 


1005 


1148 


14 


14 


1,83 


367 


550 


734 


918 


1101 


1285 


1468 


M 


12 


226 


451 


676 


902 


1127 


1353 


1578 


1804 


14 


10 


26J 


526 


789 


1052 


1315 


1578 


1841 


2104 


12 


12 


2H 


584 


877 


1 169 


1461 


1754 


2046 


2338 



• Divide distance in leet by 3.28 to convert In meters 

• Table is based on solenoid consumption of B.SVA (0.35 .imp) 

• Wire sizes smaller than no, 14 (first four rowsi may no! carry the UL listing lor direct burial application 

• 'Example: A controller is activating two solenoids simultaneously and the output is 25 VAC Using 14-14 
wires, the maximum run is 1 376 ft (419 m). 



rent is increased by starting several valves 
on one station, the voltage drop will 
increase. The number of valves that can be 
operated on one station depend on the size 
of the transformer and the inrush amper- 
age requirement of the solenoid (valve) 
(Table 750-3). This information should be 
furnished by the manufacturer. 

Wire no smaller than No. 18 gauge UF 
(direct burial) should be used in irrigation 
systems, not because a smaller-gauge wire 
is inadequate, but because smaller-gauge 
wire is more easily kinked or broken during 
installation. Smaller gauges are also more 
susceptible to nicks and scrapes because of 
a thinner insulation jacket A 0.25-ampere 
inrush solenoid and a No. 14 gauge wire 
are ideal for a run of 2 300 m (7500 ft). A 
run of 760 m (2500 ft) could be achieved 
with a solenoid requiring a 0.847-ampere 
inrush. 

For runs longer than 2 300 m (7500 ft), 
wire gauges larger than No 14 must be 
used In large systems with controllers far 
away from the power source, or in cen- 
tral/satellite systems (described in 7.3 
Controllers of this section), the wire must 
be correctly sized from the source to the 
controller as well as from the controller to 
the solenoid (valve). The manufacturer 
should indicate the amperage requirements 
for valves and control satellites or should 
supply charts or formulas for determining 
the most efficient wire size at various points 
throughout the project. 

In a hydraulic system, 5 mm (V-i-in) tub- 
ing is the standard-size line used to control 
valves. The length from the controller to 
the valves should not exceed 300 m 
(1000 ft). 
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Figure 750-8. Typical pop-up spray head assemblies. 
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7.0 SPRINKLER IRRIGATION 
SYSTEM (DESIGN 
PROCEDURE) 
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Figure 750-9. Typical impact head assembly. 



7.1 Sprinkler Head Selection and 
Layout 

Sprinkler head selection and layout is the 
most difficult aspect of sprinkler irrigation 
system design. Seldom will an area lend 
itself perfectly to a particular grid spacing, 
whether triangular or square, and seldom is 
an area free of objects such as trees, walk- 
ways, and buildings. 

The first step in the selection and layout 
of sprinkler heads is to divide the area to be 
irrigated into zones that have similar water 
requirements, e.g., lawn areas, shrub areas, 
and different exposures to the sun. Where 
possible, the use of large-radius heads 
should be considered first, since their use 
will progressively decrease the cost of the 
system on a square-foot basis. Triangular 
spacing is more efficient than square spac- 
ing, although many areas lend themselves 
to square spacing (such as the small rectan- 
gular areas typical of most residential and 
small commercial projects). 

The most important objective when lay- 
ing out sprinklers is the even distribution of 
water. Sprinklers that produce different 
precipitation rates should not be used in the 
same zone. Sprinkler-to-sprinkler dimen- 
sions should be based on manufacturer's 
recommendations, with deviations for wind 
velocity. Spacing for triangular and square 
patterns varies with brand and model. 

When designing with single-row spacing 
through the center of an area, only about 
two-thirds of the radius will give effective 



NOZZLES 
[SIZE PER PLAN) 



tW- SHRUB ADAPTER 




APPROVED BACKFILL 
I — NIPPLE 

5_ LATERAL TEE 

/ . LATERAL PIPE 



ALL BUBBLERS in 
PLANTING BEP TO SE 
ISO mm (6") ABOVE 
FINISH GRADE 
FINISH GRAPE 




w t 



D 



E 




3 


i 


E 
E 


a 


1 Q 













cd 

CUD 



Figure 750-10. Typical shrub head assemblies. 
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Figure 750-12. Typical gate-valve 
and ball-valve assemblies. Soil around 
control-valve pit assembly must be com- 
pacted to same density as adjacent undis- 
turbed soil. Note that the lever arm will 
require a larger valve box. 



VALVE MARKER 



FINISH SRADE - 




60 mm (2") PYCCL- 
160 LENGTH 
AS REffO. 



MALE ADAPTER- 



CONNECT TO 
MAIN SUPPLY 
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angle -valve assembly. 



coverage. Consequently, single-row spacing 
should only be used in special circumstances. 

Many spray heads have matched precip- 
itation rates, allowing quarter-circle heads 
to be used on the same line as half- and 
full -circle heads However, rotary heads 
may not be matched; consequently, water 
distribution with rotary heads must be bal- 
anced by using a smaller nozzle size for 



particular heads in relation to full-circle 
heads on the same line. When the nozzle 
size is decreased, the radius also decreases 
and must be accounted for in the design. 
Under such circumstances, it is best to iso- 
late heads with similar arcs in one zone and 
to balance the zones at the controller; for 
example, full-head zones would be pro- 
grammed to water 4 times as long as quar- 
ter-head zones. 

Flood and stream bubblers are often 
used to water small shrub areas and to 
water plants that prefer dry foliage (Figure 
750-11). Bubblers emit water at a much 
faster rate than the soil can absorb it and 
are used only to flood an area rapidly. 
Bubblers do not work well on sloping 
ground Pressure-compensating bubblers 
should be used in areas with potential pres- 
sure fluctuations or high pressures. 

Several features of sprinkler heads are 
commonly available which require consid- 
eration by the designer: 

1. Stationary heads versus pop-up 
heads (if pop-up. how high?) 

2. Filtration 

3. Ease of maintenance 

4. Guarantee 

5. Type of material (brass, plastic, 
stainless steel, etc.) 

6. Positive retraction for pop-ups 

7. Angle of trajectory 

8. Exposed surface area 

9. Speed of rotation 

10. Distribution curve 

1 1 . Adjustment (arc and radius) 

12. Built-in check valve to prevent 
low-head drainage 

13. Vandal resistance 

14. Gear, impact, cam. or ball drives 

15. Pressure compensation 

Figures 750-8 through 750-11 show 
typical examples of various types of con- 
ventional sprinklers. 

7.2 Control Systems 
Manual Systems: 

Manual systems require an individual to 
open and close a valve by hand. Since man- 
ual systems are rarely as efficient as auto- 
matic systems and no significant cost savings 



are realized, few manual systems are now 
designed except for special circumstances. 

Automatic Systems: 

In theory, automatic systems are much 
more efficient than manual systems since 
optimal water requirements can be satisfied 
by programming a controller. Controllers 
can send signals to the valves in two ways: 
electrically through wires or hyd radically 
through control tubing (see Figures 750-15 
and 750-16). Most areas of the world pre- 
dominantly use electricity, although there 
are exceptions. For reasons of availability, 
electrical systems do not include thermohy- 
draulic systems, and hydraulic systems do 
not include normally closed hydraulic sys- 
tems. (These are control systems once 
available in whole product, but now avail- 
able only for replacement.) 

Electrical systems: 

The advantages of electrical systems 
include: 

1 . Faster response time 

2. Longer runs between controller and 
valve 

3. Ease of use with solid-state con- 
trollers 

4. Unaffected by elevation 

5. Normally closed system (if a control 
wire is severed, the valve will 
remain closed) 

The disadvantages of electrical systems 
include: 

1. Susceptible to lightning damage 

2 Susceptible to dirty water clogging 
the orifices which allow the valve to 
open and close (through the use of 
contamination-resistant valves 
which have two noncontinual 
bleed-through orifices that make 
operation less susceptible to dirty 
water). 

7.3 Controllers 

Controllers are programmed to determine 
when to water, how long to water, and the 
time(s) of day to begin watering. Many 
optional features are available for con- 
trollers Generally, the more features a con- 
troller has, the more complicated the pro- 
gramming becomes. 

On large projects, a central/satellite sys- 
tem is often used. A central controller sends 
signals to satellite controllers regarding the 
day and starting time(s) to water, with only 
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the station's run time set at the satellite. 
These systems are also available with many 
features to satisfy specific requirements. 

7.4 Valves 
Manual Valves: 

Gate valves are used as emergency shutoff 
valves or as isolation valves and are not 
designed for regular use (Figure 750-12). 
Since there is no rubber seat or washer, fre- 
quent usage will create wear and cause the 
valve to leak. Gate valves are used mainly 
because they have almost no friction loss. 

Ball valves are similar to gate valves in 
that little friction loss exists. However, ball 
valves are advantageous in that frequent 
usage is less apt to cause leakage Ball 
valves are increasingly being used in place 
of gate valves (Figure 750-12). 

Globe or angle valves are used in manu- 
al systems where the valve is used regular- 
ly (Figure 750-13). Like a hose bibb, a 
globe valve has a replaceable rubber wash- 
er. Globe valves are not used as isolation 
valves since there is considerably more fric- 
tion loss than with a ball or gate valve. An 
angle valve is simply a globe valve whose 
inlet is at the bottom of the valve with an 
exit at the side. Less friction loss occurs 
with an angle valve than with a straight 
globe valve. Often, an angle valve will be 
connected to an atmospheric vacuum 
breaker as one unit. Local codes will dictate 
such an installation, but it is usually 150 
mm (6 in) above the highest outlet. 

Automatic drain valves are special valves 
which are sometimes used in geographic 
regions with freezing climates (Figure 750- 
14). Such valves drain the water in the line 
each time the system is shut off. In heavy 
soils, however, this can create a problem of 
excessive wetness during seasons when the 
system is in use. To be effective, automatic 
drain valves should be located at all the sys- 
tem low points. The best method for elimi- 
nating water in the lines is physically to 
blow out the system with an air compressor 
before heavy frosts occur. 

Gas cocks are special valves often used 
by manufacturers of backflow devices and 
pressure vacuum breakers for testing pur- 
poses. They are also occasionally used on 
lateral lines on hilly sites to reduce excess 
pressure on long downhill runs. 

Check valves are used on hilly sites to 
prevent low-head drainage. 
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Figure 750-15. Electric remote control valve assembly. 
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Automatic Valves: 

Electric valves are activated by an electric 
current sent from a controller (Figure 750- 
15). Although electric current is involved, 
hydraulic forces actually open and close the 
vaJve. Inside the valve is a diaphragm (or 
piston) which moves up or down to open or 
close the valve. The diaphragm (or piston) is 
designed to have a greater surface area on 
the upper chamber than on the lower area 
which rests on the valve seat. A small orifice 
connects the upper and lower portions of 
the valve so that pressure is equalized 
between the two. The greater surface area 
of the top portion creates a mechanical 
advantage and causes the valve to close. 
Another, larger ohfice connects the upper 
chamber and the downstream portion of 
the valve. A solenoid-activated plunger sits 
over this orifice; when the solenoid is acti- 
vated by electricity, an electromagnetic field 
is created within it which lifts the plunger 



off the orifice. Water is forced through the 
orifice faster than it can enter through the 
smaller orifice, and the diaphragm (or pis- 
ton) is pushed up to open the valve. During 
operation, a steady stream of water is pass- 
ing through both orifices 

Electric valves are subject to clogging by 
dirty water even though a filter is usually 
installed on the intake orifice (or a metering 
pin through the orifice) to clean the orifice 
each time the valve opens or closes. In 
some systems the solenoid plunger controls 
both orifices, thereby eliminating the con- 
stant stream of water passing through the 
orifice while the valve is on. However, an 
electric valve is still using system water to 
open and close. 

Hydraulic valves are normally operated 
by water other than the irrigation water 
(Figure 750-16). Therefore, there is no 
small orifice to clog. The diaphragm (or pis- 
ton) still has a greater surface area in the 



Figure 750-18. Typical atmospheric 
vacuum breaker. 




Figure 750-19. Typical pressure 
vacuum breaker. 
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Figure 750-20. Typical double check backflow preventor. 




Figure 750-21. Typical reduced -pressure backflow preventor. 



upper chamber and uses the same mechan- 
ical advantage to shut the valve. However, 
the water used to control the valve comes 
from another source, possibly a clean 
potable supply, whereas the irrigation 
water may originate from an algae-laden 
pond. 
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Figure 750-22. Pump curve. 



The water used for the control system 
should be clean and under the same or 
greater pressure than the system water 
pressure. Since only a few tablespoonsful of 
water are used each time a valve is activat- 
ed, the cost of potable water is not a factor, 
whereas it would be if potable water were 
used for the system. Because there is no 
orifice to clog with irrigation water, normal- 
ly open hydraulic valves are the best to use 
with dirty water. 

7.5 Pipe 

Polyvinyl Chloride (PVC) Pipe: 

PVC pipe has become the standard in the 
irrigation industry for several reasons: 

1 . Excellent flow characteristics. 

2. Relatively lightweight (easy to work 
with). 



3. Not subject to corrosion. 

4. Relatively inexpensive. 

5. Uses external solvent weld fittings. 

6. Flexibility. 

7 Durability. 

PVC is available via two different desig- 
nations: schedule pipe or class pipe. 
Schedule PVC pipe (e.g., SCH40 and 
SCH80) means that the wall thickness is the 
same as in steel pipe at the same schedule 
and pipe size. In the design of irrigation 
systems, schedule pipe is used primarily for 
precut threaded nipples for sprinkler risers 
in shrub beds. Class PVC pipe is customari- 
ly designated for other parts of the irriga- 
tion system because class pipe is designat- 
ed by pressure ratings (such as CL160, 
CL200, and CL315). 

Polyethylene (P£) Pipe: 

Polyethylene pipe is widely used because it 
is easily pulled into the ground with a 
vibrating plow (i.e., it is very flexible). In 
cold climates, polyethylene pipe is often 
used instead of PVC for lateral lines since it 
is not nearly as subject to damage from 



The most common classes of polyethyl- 
ene pipe used are CL80 and CL100; 
although CL120 is sometimes available, 
connecting the fittings to CL120 is difficult. 
Polyethylene pipe uses internal, barbed fit- 
tings which must be secured by stainless- 
steel clamps or other tightening devices. 
Because of the internal fittings, the flow 
characteristics of polyethylene pipe are not 
as good as PVC. 

Copper Pipe: 

Type K copper pipe is used most common- 
ly for irrigation purposes and has the thick- 
est wall of all copper pipe sizes. Type L and 
Type M copper pipe are also used occa- 
sionally. 

Copper is commonly used in situations 
where the pipe will be exposed to sunlight, 
such as when mounting a vacuum breaker 
or as a riser for shrub heads. 

Galvanized Steel Pipe: 

Since galvanized steel pipe is highly suscep- 
tible to deterioration caused by minerals in 
the water, it is seldom used except as risers 
for shrub heads and in areas with a high 
potential for vandalism. 
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Asbestos Cement (AC) Pipe: 

Because asbestos cement pipe is difficult to 
install and not practical, it is seldom used 
except to repair existing systems. 

Cast-Iron Pipe: 

Cast-iron pipe is used around pumping sta- 
tions where pipe is subject to thrust. The 
connections are flanged and fastened with 
bolts. 

Thrust blocks are used to distribute pres- 
sures evenly to firm ground along the 
trench wall. They should be built in wedge 
form, with the widest area along the solid 
trench wall. A standard mix would consist 
of 1 part portland cement, 2 parts washed 
sand, and 5 parts washed gravel (Figure 
750-17). 

Concrete Pipe: 

Concrete pipe is used primarily by water 
districts for city mainlines. 

7.6 Backflow Preventors 

As a consequence of the federal Clean 
Water Act, backflow preventors must be 
installed when working with potable water 
to protect the potable supply from a cross 
connection. Legally, irrigation systems are 
considered to be a high hazard. In most 
cases, local ordinances will dictate the type 
of backflow preventor to be installed. 

Backflow preventors are categorized into 
one of two distinct types: antisiphon 
devices and back-pressure devices. 

Antisiphon Devices: 

Atmospheric Vacuum Breaker (AVB) 
Atmospheric vacuum breakers must be 
mounted downstream of any valve and be 
positioned in 6 in (150 mm) above the 
highest outlet (Figure 750-18). An AVB has 
a float which seals against a seat under 
pressure but which will drop down by grav- 
ity when the pressure ceases, thereby 
allowing air to enter the line and break any 
vacuum hold downstream. 

Pressure Vacuum Breaker (PVB): The 
only functional difference between an AVB 
and a PVB is a small spring that assists the 
C force of gravity in getting the float to drop 
O down after pressure has been removed 
2 (Figure 750-19). Also, gate or ball valves 
tjjQ and test cocks are added so that the unit 
"C can be tested for reliability. Pressure vacu- 
— urn breakers may be mounted upstream of 
valves, and they are usually preferable to 
Q atmospheric vacuum breakers because only 
|^ one per source is necessary. Pressure vacu- 
|^ urn breakers must be mounted at least 300 
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mm (12 in), but less than 750 mm (30 in), 
above the highest outlet. 

Back-Pressure Devices: 

Double Check Valves: Double check valves 
are not approved for high-hazard situa- 
tions, yet some local codes allow their use 
in irrigation (Figure 750-20). Check valves 
allow water to flow in one direction only 
The second check valve is simply a safety 
feature in case the first check valve fails. 
Double check backflow devices do not 
have to be mounted above the highest out- 
let but should be accessible for testing pur- 
poses. 

Reduced-Pressure Backflow Device (RP): 
Reduced-pressure devices are approved for 
high-hazard situations and are generally 
accepted as the surest safeguard against 
backflow for irrigation purposes (Figure 
750-21). Reduced- pressure devices are also 
the most expensive and have the greatest 
friction loss of all backflow devices. 

Like double check valves, reduced-pres- 
sure devices have two check valves, but the 
first valve has a stronger spring than the 
second in order to create a pressure differ- 
ential between the two check valves. 
Should pressure ever vary from that desired 
between the two valves, a pressure- relief 
valve will open and dump the water to the 
atmosphere. Nothing should be connected 
to the relief valve. 

To prevent flooding of a basement or 
area where the reduced-pressure device is 
located, an air gap should exist between 
the check valve and drain line to permit the 
water to flow to a drain. Reduced-pressure 
devices should not be located in a pit or in 
any area that might be submerged in water. 



Since these devices are meant to be 
checked annually by a certified tester, they 
should remain accessible. 

7.7 Supplementary Equipment 

Water Meters: 

Although water meters are not used in irri- 
gation systems per se, they are of concern 
to the designer because the meter, the sta- 
tic pressure, and the feed line from the 
street to the meter will ultimately deter- 
mine how much water is available for the 
irrigation system. The friction loss through 
the meter must also be calculated when 
totaling all friction losses. 

The amount of water available for an 
irrigation system is determined by taking a 
static pressure reading, noting the meter 
size, and noting the size and type of pipe 
coming into the meter. The following three 
criteria are then addressed, the most critical 
of the three [i.e., the smallest gpm figure] 
will determine the available water: 

1. Seventy-five percent of the safe flow 
of the meter chart should not be 
exceeded. (Use the meter chart.) 

2. The pressure loss through the meter 
should never exceed 10 percent of the 
static pressure. (Use the meter chart.) 

3. The water in the service line should 
not exceed 1.52 mis (5 fps) though it 
is sometimes necessary to exceed this 
due to flow limitations of small service 
lines and the needs of the sprinkler 
system. It may be prudent to specify a 
new service line if the existing line 
supplies insufficient water due to size 
or mineral buildup. 
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Table 750-5. CLIMACTIC FACTORS RELATED TO WATER USE 



Climate Average peak Potential 

type temperature. F Humidity use, in/day 



Very cool 50' -60* Humid 0.10 

Cool 70 , -B0* Medium-humid 0.20 

Moderate 80*-90* Medium -humirf 0.2S 

Hot 90"- 100- Medium-humid 0.30 

High desert 90* -100* Dry 0.35 

Low desert 100'+ Dry 0.40 



Table 750-6. PLANT FACTOR (RESISTANCE TO STRESS) 



Plant factor 


types of plants 


1.0 


Evergreens, fruit trees, smjll shrubs, vines, perennials, and lush ground cover 


0.70 


Newly planted native plants in semiand and and regions; ornamental or 




shade trees and shrubs native to more humid areas 


0.40 


Established plants native to the area 



Table 750-7. 
IRRIGATION EFFICIENCY 



Climate Factor 

HOI. dry, and biph-deserl 0.85 

Moderate and hot 0.90 

Cool and very cool 0.95 



Table 750-8. 

EMITTER SIZES, NUMBERS, AND OPERATING TIMES (EXAMPLE) 



Emitter Emitter Operating 

Soil type number X type, gph * time.hr ~ Gph 

Cla> 2 X 1 X 15 =30 

Moderate 2 x 2 x 7.5-30 

Sandy 5X2X3 =30 



Table 750-9. IRRIGATION DURATION FOR PLANTS IN CONTAINERS (MIN) 
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Table 750-10. FREQUENCY FOR PLANTS IN CONTAINERS (DAYS) 

Soil type 



Climate Sandy Medium Heavy Potting 



Very cool 2 3 8 2 

Cool 1 1 2 6 1 

Moderate 1H 2 6 1 

Hot 12 5 1 

High-desert 1 1ft 4 1 

Low-desert 113 1 



Pumps: 

If an existing pump is to be the water 
source for an irrigation system, the manu- 
facturer, horsepower, and model must be 
noted, and a pump curve must be located 
so that the pressure and fiowrate (l/s or 
gpm) can be identified (Figure 750-22 and 
Table 750-4). The type of pump to use 
depends on the number of hours per day 
available for irrigation; a pump that will sat- 
isfy this requirement during the most criti- 
cal time of the year should be used. Before 
the system is actually designed, a calcula- 
tion has to be made to determine the pre- 
cipitation rate of the sprinkler heads intend- 
ed arid the number of hours per week that 
watering is required. This will determine the 
approximate number of zones to be irrigat- 
ed and the average size of each zone. The 
fiowrate of an average-size zone plus 10 
percent will provide enough information to 
determine tentatively the pump size neces- 
sary. When the design is finished, an exact 
pump size can be determined. 

In general terms, a pump operates by 
spinning its motor-driven impeller so that a 
pressure less than atmospheric pressure is 
created at the eye of the impeller, whereby 
the atmospheric pressure exerted upon a 
body of water outside of the pump forces 
the water up into the pump's suction line. 
For this to work, the impeller must be sub- 
merged in water (i.e., primed) and the suc- 
tion line must be filled. Unless it is a self- 
priming pump, a pump will not work if it 
loses water in the suction line (i.e., loses 
prime): a self-priming pump has a reservoir 
in its volute case (impeller housing) so that 
prime cannot be lost even if water does not 
remain in the suction line. Usually, a foot 
valve is Installed at the base of the suction 
line to prevent losing prime. 

Because impellers do not create a perfect 
vacuum and because atmospheric pressure 
at sea level is about 9.5 m (32 ft) of water, 
no pump will function if placed 9.5 m (32 
ft) above water level. Centrifugal pumps 
should be placed as close to water level as 
possible for maximum efficiency. Efficiency 
curves on a pump chart refer to the net 
positive suction head (NPSH); in reality, this 
is seldom over 5 4 to 6.0 m (18 to 20 ft) If 
the water is much deeper (as in a well), a C 
vertical turbine pump is used (which has a .2 
long shaft and an impeller or a series of "ijj 
impellers attached at the end of the shaft); b/5 
the shaft runs down the well casing and the ^ 
impeller lies in the water. Pumps always — 
have an easier time pushing water than 
sucking it. O 

in 

IV 
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Figure 750-23. Soil wetting areas 
based on soil type. 

In regard to pumps, pressure is usually 
expressed in terms of foot head (FH), which 
is multiplied by 0.433 to convert to psi 

Designers confronted with large uphill 
elevation changes or insufficient static pres- 
sure often use centrifugal pumps as boost- 
er pumps. The pressure at a given flowrate 
on the pump curve can be added to the 
existing pressure to arrive at the new 
boosted pressure. Since a booster pump 
does not create water, the flowrate will 
remain the same. 

Pressure Regulators: 

When the static pressure is greater than 
necessary for the sprinkler heads of a sys- 
tem, a pressure regulator can be used to 
lower the pressure. If the pressure is exces- 
sive only in certain areas (due to elevation 
or to the use of heads requiring low pres- 
sure), a pressure regulating valve can also 
be used to remedy the situation. Pressure 
regulators will convert a high pressure to a 
lower set pressure and regulate it regardless 
of any fluctuations that may occur on the 
high-pressure side of the system. 

Valve Boxes: 

Valves should not be buried below ground 
except under special circumstances. Valve 
boxes are designed to house irrigation 
valves and should remain accessible for 
ease of maintenance (see Figure 750-15). 
Boxes are available in a variety of materials, 
and some have locking devices for added 
security. 

Pipe Sleeves/Chases: 

Whenever possible, pipe sleeves (chases) 
should be installed under sidewalks, road- 
ways, parking lots, etc., for ease of system 
installation and later maintenance. Pipe 
sleeves should be four pipe sizes larger than 
the pipe that will run through the sleeve. 

Chemical Injection Devices: 

Injection devices are used to inject fertilizer 
or other chemicals into the sprinkler sys- 
tem. Such devices are either flow-regulated 
(venturi principle) or physically injected by 
a pump. The effectiveness of an injection 
system is directly related to the efficiency of 
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DURATION OF IRRIGATION 

VERY COOL IHOUR 
COOL 2 HOURS 
MODERATE 2 1/2 HOURS 
HOT 3 HOURS 
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EVERGREENS 
FRUIT TREES 
SMALL SHRUS5 
VINES 



ORNAMENTAL TRF.E5 
SHADE TREES 
LARSE SHRUBS 
NEW NATIVE PLANTS 



ESTABLISHED 
NATIVE PLANTS 
IN SEMI-ARID 
AREAS 



PLANT CANOPY DIAMETER 



Figure 750-24. Simplified drip design. 



the sprinkler system. For this reason, these 
devices are most effective with drip irriga- 
tion systems 



8.0 DRIP IRRIGATION 

(DESIGN PROCEDURE) 



8.1 Calculations 

In drip irrigation, it is important to deter- 
mine the amount of water that each plant 
will use and then to select the number and 
flow sizes of the emitters that will apply the 
water within a specified period of time. An 
important rule of thumb regarding drip irri- 
gation design is to always design water 
applications so that at least 50 percent of 
the plant root zone will be wet. 

Water Requirement of Plants: 

A formula for determining the daily water 
requirement of a plant in liters (gallons) per 
day (mlh or gpd) is: 

Water 0.623 x canopy area 
requirement x potential use 

of plant = (inches per day) 
(gpd) x plant factor 

irrigation efficiency 

Canopy area refers to the square-foot 
area or plan-view size) of the plant. To cal- 
culate the area, square the diameter of the 
canopy and multiply by 0.7854. For exam- 
ple, a tree with a canopy diameter of 3 m 
(10 ft) will have an area of 0.94 m 3 (78.54 
ft 2 ). 



Potential use factor, also referred to as 
the climate factor or the potential evapo- 
transpiration rate (PET), refers to the 
amount of water required by the plant for 
healthy growth (depending on climate) in 
centimeters (inches) per day (Table 750-5). 

Plant factor refers to the water require- 
ments of plants. Plants are classified 
according to their resistance to stress (Table 
750-6), 

Irrigation efficiency refers to the ability 
of an irrigation system to deliver water to 
plants without evaporation or other means 
of water loss (Table 750-7). 

Example of calculation for determining 
the daily water requirement of a plant: 
Given a tree with a 15-ft (4.6-m) canopy 
diameter in a moderate climate, 



water 
requirement 
of plant 
(gpd) 



623 x 1 
152 x 0.7824 x 
0.25 x 1 .0 ' 

0.90 



GPD = 30.5 

Determining the Number of Emitters: 

Figure 750-23 shows the shape and square 
footage (meters) of typical soil wetting 
areas as a function of soil type. Generally 
speaking, heavy soils have a larger, shal- 
lower bulb than sandy soils, which have a 
narrower, longer bulb. 



Time-Saver Standards for Landscape Architecture 



750-19 



The following formula is used to deter- 
mine the number of emitters required for 
any plant: 

Number of emitters = 

50 percent canopy are a , ft J (m ; ) 
soil wetted area, ft? (m 2 ) 

Fractional values for the number of 
emitters should be rounded up to the next 
highest positive integer (as illustrated in the 
following example). 

Example of calculation for determining 
the number of emitters required (U.S. 
units): Given a tree with a 15-ft canopy 
diameter, where the canopy area is 176.7 

For a sandy (i.e., well -drained) soil; 

88.3 ft 2 



Number of emitters 



20 ft 2 



= 4.4 =5 emitters 
For a moderately well-drained soil; 

88 3 ft 2 

Number of emitters = 

60 ft 2 

=1 .5 - 2 emitters 
For a heavy (i.e., poorly drained) soil; 

88.3 ft 2 
120 ft 1 
= 0.5 1 1 emitter 



Number of emitters = 



Determining the Flowrate: 

The following formula can be used to cal- 
culate the flowrate and length of time to 
operate each emitter: 

liters/day (GPD) ■ number of emitters 
x emitter flowrate 
x duration of irrigation 



The tree in a moderately well-drained 
soil will require two 0.002-l/s (2-gph) emit- 
ters for a period of 7.5 hours. A sandy soil 
will require five 0.002-l/s (2-gph) emitters 
for a period of 3 hours. Clay soils are a spe- 
cial case because one 0.002-l/s (2-gph) 
emitter could cause runoff; one solution 
might be to use two 0.001 -l/s (1-gph) 
emitters for a period of 15 hours. 

The duration of irrigation can be reduced 
by adding more emitters. In the tree exam- 
ple used, ten 0.001 -l/s (1-gph) emitters 
would satisfy the water requirements in 3 
hours of running time (Table 750-8). 

8.2 Design Procedure 

The following procedure can be used to 
design and lay out drip irrigation systems 
for small commercial and residential pro- 
jects. This procedure and the guidelines list- 
ed below are based upon the warmest part 
of the season, with irrigation occurring 
every day. Depending on the soil condi- 
tions, the exposure, and seasonal change, 
the frequency of irrigation may have to be 
altered. 

Procedure: 

1. Make an accurate map of the area. 

2. Locate all plant materials and indi- 
cate their plant classifications and 
canopy sizes. 

3. Based on the map of the area, 
select the correct number of emit- 
ters required for each plant. 

4. On the map, lay out the emitter 
locations to determine the fittings 
and various accuracies required. 

Important Considerations: 

The following guidelines will help simplify 
the hydraulics of small irrigation systems: 



1. The lateral lengths should not 
exceed 60 m (200 ft). 

2. The flow should not exceed 758 l/h 
(3.33 gpm or 200 gph). 

3. The maximum working pressure 
should be 276 kPa (40 psi) [pres- 
sures over this amount should be 
regulated]. 

4. The line used should be 15 mm ('A 
in) PVC or polyethylene tubing. 

Figure 750-24 provides a simplified means 
to design a drip irrigation system. Table 
750-9 provides the duration of drip irriga- 
tion (in minutes) for plants growing in con- 
tainers. Table 750-10 provides information 
on the frequency of watering required for 
plants growing in containers. 
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1.0 INTRODUCTION 



1.1 Soils 

Physical and chemical properties of 
soils are important site determinants 
influencing the spatial allocation of 
land uses, the design and construction of 
structures, and the selection and installa- 
tion of plant materials. 

Certain properties of soils can be readily 
deduced from knowledge of soil type, 
while others can only be determined by 
careful field and laboratory testing, espe- 
cially urban soils which are not presently 
mapped except in rare cases. The proper- 
ties of a soil that are relevant to consider 
depend on the type of land use and devel- 
opment proposed, 

1.2 Aggregates 

In landscape construction, the term aggre- 
gate typically refers to crushed rock or 
gravel rather than to the aggregation of soil 
particles. Information on the choice of an 
aggregate for specific purposes (founda- 
tions, road construction, etc.) is presented 
in 4.0 Aggregates of this section. 
Information on aggregates for making of 
asphalt or concrete is covered in Sections 
820: Asphalt and 830: Concrete. 



2.0 SOIL CLASSIFICATION 
SYSTEMS 



This section describes the most common 
soil classification systems and the basic 
properties of soils that are critical for site 
development and horticultural applications 
Typically, urban soils are drastically dis- 
turbed by human activities. As a result they 
are seldom classified because they do not 
fit in with the present USDA classification 
system. Presently they are being studied by 
the USDA-NRCS and they may soon come 
up with a classification system for them. 

2.1 Soil Profile 

In the process of natural formation, soil lay- 
ers (i.e., horizons) develop with different 
textures, mineral contents, and chemical 
makeup. A soil profile is a vertical section 
through these horizons. A taxonomy has 
been developed to designate each horizon 
and zones within each horizon. The extent 
to which a profile becomes well -developed 
is largely a function of climate. Humid cli- 
mates produce more fully developed pro- 
files than arid climates. A typical profile in a 
humid climate has a well -developed A-, B-, 
C-, and sometimes D-horizon. Figure 810- 
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organic matter, 
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ORGANIC MATTER MIXED 
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TRANSITION TO B BUT MORE "s 

LIRE A THAN, ISSZSS&W 

TRANSITION TO S BUT MOKE [ I 

LIRE P THAN A J 



HORIZONS OF MAflMUU 
ACCUMULATION Of SUSPENDED 
MATERIAL OR OR CLAY; 
MAXIMUM DEVELOPMENT 
Of BLOCKY OR PRISMATIC 
STRUCTURE OR BOTH 



TRANSITION TO C 



THE WEATHERED PARENT MATERIAL, 
INCLUDES LATERE, OF ACCUMULATED 
CALCIUM SULFATE FOUND IN SOME SOILS. 
OCCASIONALLY ABSENT. I E . SOIL 
BUILDING MAT FOLLOW WEATHERING 50 
CLOSELY THAT NO WEATHEREO 
MATERIAL IS BOUND BETWEEN I AND U 



HARD ROCR OR ANY UNDERLYING 
STRATUM HAVING SKJNIF ICANCE 
TO BUT NOT PART OF PARENT 



Master horizons and subordinate symbols for horizons of soil profiles 



Master horizons 

Ot ORan 

02 

AZ 
A3 
M 



U 
S3 
B3 
C 
R 



Organ* decompotea honron 
Osarit auumulatiofi in mineral ml honjon 
Leached bleached horunn IHiMatrii! 
Transition ■ n Id b 

Tianvllon hcwuein beJwwn A and B— more like- A in upper pait 
A3 with kra than SO* t>! noroon octupied by h»il ot AJ 
TwnubDn nonzon 

B with le« lhan 50% ot timuon occupied by ipoa at A3 
Hortftm with jtaimutRlloA oT cray, iron, utkim, twniLrv trvriiul 
COIKMIITHJon ol day. toaWim, o> Alterations cH ortjjnj] material 
tormmft day and vtruLlnri. 1 
rrariutiort horijon more hae B ihan a 
Maximum expression at LI hon/on 
lranvtional hcmlon HiCvR 

Altered nulenil Irom whfth A and I rramtirw ait presumed lu be 
Za mMtiti bedrock 



Subordinate Symbols 



ii.III.IV 



Buned howon 
Calfhjm In honion 
Gypsum HI Kwiurjn 
Crjncietiom in hnnson 
FrcWen htXLODP 
Gleyed tiorinin 
Humus m bnnron 
iilhi accumulation in homon 
Cemented horiron 
Hawed horiioft 
Salt ilKumulalion in horilon 
SiiiH cxmented horrwn 
(Jay accumulation m hntirurr 
FJa^fMii Iranian 
UMni*< 



A3 fl'Z Second sequence in btvcmal soil 



Figure 810-1. Hypothetical soil profile showing all major soil horizons, 

that no one soil has all of these profiles. 
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Table 810-1. SOIL PARTICLE SIZE CLASSIFICATION 



Particle 
size, mm 



Sieve 
size 



Unified Soil 
Classification 



U.S. Department 

of Agriculture 
Soil Classification 



American Association 
of State Highway 
Officials Soil 
Classification 



American 
Society for 
Testing and 
Materials Soil 
Classification 



0.001 

0.002 
0.003 
0.004 
0.00b 
O.O0H 
0.01 

0.02 
0.03 
0.04 

0.06 
0.OB 
0.1 

0.2 
0.3 
0.4 
0.6 
0.8 
1.0 

2.0 
3.0 
4.0 



6.0 
8.0 
11) 

20 
30 
40 



60 
80 



Clay 



Colloids 



Colloids 



Clay 



Clay 



fines {sill 
or clay) 



Sill 



Silt 



Silt 



300 

200 
140 



60 
■40 

20 
, 10 



Very fine 
sand 



Fine 
sand 



Fine sand 



Fine 
sand 



Fine 
sand 



Medium 
sand 



Medium 
sa nd 



Coarse 
sand 



Very coarse 
sand 



Coarse 
sand 



Coarse 
sand 



Coarse 
sand 



Fine 
gravel 



Fine 
gravel 



Fine 
gravel 



Medium 
gravel 



Gravel 



Coarse 
gravel 



Coarse 
gravel 



Coarse 
gravel 



Cobbles 



Cobbles 



Boulders 



•Corps oi f ngineers. Department oi ihe Army, and Bureau oi Reclamation. 

Source; Douglas S. Way, Terrain Analysts: A Guide to Site Selection Using Aerial Photographic Interpretation, 2d ed., 
Douglas S. Way. Columbus, Ohio, 1978. 



Table 810-2. CLASSIFICATION OF SOILS BY ORIGIN 



O 
i— 

WD 
< 

_»/> 
O 



TYPE 



ORIGIN 



Residual 

Cumulose 

Transported 
Glacial 

Alluvial 

Aeolian 

Colluvlal 

Volcanic 

Fill 



Rock weathered in place--wac.ke, laterite. podzols. residual sands, clays, and gravels 
Organic accumulations— peat, muck, swamp soils, muskeg, humus, bog soils 

Moraines, eskers, drumlins. kames— till, drift, boulder clay, glacial sands, and gravels 
Flood plains, deltas, bars— sedimentary clays and silts, alluvial sands and gravels 
Wind- borne deposits — blow sands, dune sands, loess, adobe 
Gravity deposits — cliff debris, talus, avalanches, masses of rock waste 
Volcanic deposits— Dakota bentonite, volclay. volcanic ash, lava 
Synthetic deposits— ranging from waste and rubbish to bult embankments 



inurcc Ad,iptcd from Ehivyn £ Seetye Ctaipi Ddfrt Boo* la! Civil [ngiimrs, 3d «!., Wiley, New Vork, IMS arid from the Portland Omenl Association. Soif Cement ItbOOtOy Handbook. 
Skokw, II. 
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Table 810-3.THE NEW SOIL TAXONOMY (WORLD SEVENTH APPROXIMATION) 



Soil order Climatic range Natural vegetation Parent materials Horiion development Drainage Colors 



Entisol 



Vertisols 



Irtceptisols 



Aridsols 



Mollisuls 



<D 
■*-> 

<a 

a> 

bb 
be 
< 

O 

o 

00 



All climates, arid 
to humid, 
tropical to 
polar 



Highly variable. 
Forests, grass, 
desert, tidal 
marsh 



Primarily free-draining 
alluvium and aeolian, 
and low-activity clays 



None, except perhaps 
for a Ihin A horizon 



Good; 
slopes not 
significant 



Not 

significant 



Subhumid to 
arid with wet 
and dry 



Grasses and 
woody shrubs 



grid .i 
subject to 
flooding 



High-activity clays, 
shrinking when dry, 
swelling when wet, 
with monlmorillonite 
common 



B horizon commonly 
absent 



Poor; slopes 
flat to 
gentle 



Black, gray, 
brown 



Humid, from 
arctic to 
tropical 



Mostly forests, 
occasionally 
grasslands 



Young soils from 
residuum, loess, glacial 
till. Soils moist. 



One or more lormed 
without significant 
illuvialion or 
eluviation. A 
horizon very 
organic 



Slopes flat to Light to dark 
moderately 
sleep 



Arid to semiarid 



Sparse grasses 
and other 
desert 
vegetation 



Generally alluvium 



Poor horizon 
development and 
very little organic 
matler Soil rich in 
lime, gypsum, or 
sodium chloride. 
Caliche common 



Slopes flat to Light to red 
gentle 



Alpine to 
tropical; with 
cool, dry 
seasons, and 
hot, moist 
seasons 



Grasses, sedges, 
hardwood 
forests 



Variable: loess, alluvium, 
till, residuum 



Distinct horizons. 
Highly organic A 
layer. B and C 
horizons may have 
secondary lime 
accumulations 



Flat to slight 
slopes 
and poor 
drainage 



Medium to 
dark colors 



Spodosol 


Humid regions, 
alpine to 
tropical 


Coniferous 
forest, 

savannah, or 
rain forest 


Usually siliceous, granular, 
and not very clayey 


B horizon illuviated 
with organic 
matter iron and 
aluminum oxides 


Good 


Black, brown, 
reddish 


Alfisols 


Cool humid lo 
subhumid 
with seasonal 
rainfall 


Deciduous 
forest, some 
lall grasslands 


Variable, but generally 
young; alluvium, till, 
loess, or coastal plain 
Calcareous in cool, 
humid climates 


Thin, highly organic A 
horizon 8 horizon 
Illuviated with clay, 
organic matter, and 
Iron oxide 


Poor. Flat lo 
slopes 


Black, brown, 
reddish 


Ultisols 


Humid 


Forest, 
lavannah, 
marsh, or 
swamp 


Old and strongly 
weathered residuum or 
coastal plain 


Thin A horizon with 
some humus over 
illuviated B 
horizon 
Approaching a 
latent* soil 


Poor to fair. 
Slopes 
moderate 
to sleep 


Variable and 
often 
mottled 
with gray, 
yellow, 
and red 


Oxisols 


Tropics and 
subtropics 
with wet and 
dry seasons 


Forest to 
savannah 


Lateritic soils primarily 
from basic rock 
residuum 


Little organic soil 
development. Clay 
content high but 
formaiion porous. 
Concentrations of 
iron and aluminum 
at various depths 


Good 


Reds, browns 


Hislosols 


Moist to wet 


Swamp, marsh, 
and bog 


Organic materials 


None visible 


Very poor 


Gray to black 


Andisols 


Dry to wet 


Desert to forest 


Volcanic ash 


Surface may be the 
most unweathered; 


Well-drained 


Gray to black 



texture and composition 
highly variable with 
hgh amounts of allophane; 
may be very fertile 

Source. Roy L Hunt Geoletfrmca/ tngmeermg Investigation Manual, McGraw-Hill, New Yorii [Original source US Sol Conservation Service, Soil Claisiliution. A Comprehensive System (7th 
Approximation). Washington D. C. 860.1 
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Table 810-4. COMMON TERMS OF 
THE USDA SOIL CLASSIFICATION 
SYSTEM 



General terms 


Basic Soil textural 
class names 


Sandy soils, coarse- 


Sands, loamv sands 


textured soils 




Loamy soils 




Moderately coarse- 


Sandy loam, line 


textured soils 


sandy loam 


Medium-textured 


Very fine sandy 


soils 


loam, loam, silt 




loam, silt 


Moderately tine- 


Clay loam, sandy 


textured soils 


clay loam, silty 




clay loam 


Clayey soils, fine- 


Sandy clay, silty clay. 


textured soils 


clay 



Source: U.S. Department ol Agricullurr, Soil Tax- 
onomy, Washington, D.C., 1975. 



PERCENT 5ILT 



I 00 




Figure 810-2. USDA Soil textural triangle. 



Table 810-5. AASHTO SOIL CLASSIFICATION SYSTEM AND GENERAL RATINGS 



General classification 
Croup classification* 


Granular materials* 


Silt-clay materials 1 " 


A-1 


A-3 


A-2 


A-4 


A-S 


A -6 


A-7 


A-1-,1 


A-1-b 


A-2-4 


A-2-5 


A-2-6 


A-2-7 


A-7-S5 A-7-61 


Sieve analysis: 
Percent passing 
No, 10 
No. 40 
No. 200 


50 max. 
30 max. 
15 max. 


50 max. 
25 max. 


57 min. 
10 max. 


35 max. 


35 max. 


35 max. 


35 max 


36 mm. 


iii min 


36 min. 


36 mm. 


Characteristics of 
fraction passing 
No. 40 sieve 
I (quid limit 
Plasticity index 

Group index 


6 max. 



6 max. 



Nonplastic 



40 max 
10 max. 

n 


41 min. 
10 max, 



40 max. 
1 1 min. 
4 max. 


41 min. 
1 1 min. 
4 max. 


40 max. 
10 max. 
8 max. 


4 1 mm. 

10 max. 
1 2 max. 


40 max. 
1 T mm. 
16 max. 


41 max. 
1 1 min. 
20 max. 


Usual types of 
significant 
constituent 
materials 


Stone fragments: 
gravel and sand 


Fine sand 


Silty or clayey gravel and sand 


Silly soils 


Clayey soils 


General rating as 
subgrade 










> 


<- Fair to poor -> 




< 




Excellent to good 






< Very poor > 



t/1 

I 

o 
in 

O 
00 



•35% or less passing through a No. 200 sieve. 
tMore than 15% passing through a No. 200 sieve. 

♦ Placing A-3 before A-2 is necessary in the left-to-right elimination process and does not indicate superiority of 
A-3 over A-2. 

{Plasticity index of A- 7- 5 subgroup is equal to or less than ihe liquid limit minus 30. 
f Plasticity index of A-7-6 subgroup ts greater than liquid limit minus 30. 

Source,- Douglas S. Way, Terrain Analysis: A Guide to Site Selection Using Aeriaf Photographic Interpretation, 2d ed., 
Douglas S. Way, Columbus, Ohio, 1978. 
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Table 810-6. SOIL TYPES AND THEIR PROPERTIES (UNIFIED CLASSIFICATION SYSTEM) 



Division 


Symbols 




Value as a 

foundation 

material 


Drainage 


Drainage 


Letter 


Color 


Gravel and 


UW 




Well-graded gravel, or gravrl-sand mixture, little or no line* 


Excellent 


None 


Excellent 


gravelly soils 


CP 


Red 


Poorly araded flravel or oravel-sand mixtures, little or no fines 


Good 


None 


Excellent 




GM 


Yellow 


Silty gravels, grave I -sand -silt mixtures 


Good 


Slight 


Poor 






T enow 


Clayey-gravels, gravel-claysanrj mixtures 


Good 


Slight 


Poor 


Sand and sandy 


sw 


Red 


Well-graded sands, or gravelly sands, lillie or no fines 


Good 


None 


Excellent 


soils 












Excellent 


SP 


Red 


Poorly graded sanrls, or gravelly sands, little or no fines 


Fair 


None 




SM 


Yellow 


Silty sands, sand-silt mixtures 


Fair 


Slight 


Fair 




sc 


Yellow 


Clayey sands, sand-clay mixtures 


Fair 


Medium 


Poor 


Sills and clays LL 


ML 


Green 


Inorganic silts, rock flour, silly or clayey line sands, or clayey 


Fair 


Very high 


Poor 


< }UT 






tilts with sliaht nlasticity 

blllb wnii MqyMI [IIUSIIL.ILy 




Medium 




CL 


Green 


Inorganic clays ol low to medium plasticity, gravelly clays. 


Fair 


Impervious 








silty clays, lean clays 










OL 


Green 


Organic silt-clays of low plasticity 


Poor 


High 


Impervious 


Sills and clays LL 


MH 


Blue 


Inorganic sills, micaceous or diatomaceous fine sandy or silty 


Poor 


Very high 


Poor 


>50 






soils, elastic silts 










CH 


Blue 


Inorganic clays of high plasticity, fat clays 


Very poor 


Medium 


Impervious 




OH 


Blue 


Organic clays of medium to high plasticity, organic sills 


Very poor 


Medium 


Impervious 


Highly organic 


Ft 


Orange 


Peat and other highly organic soils 


Not suitable 


Slight 


Poor 


Mills 















• Consult soil engineers and local building codes for allowable soil-beanng capacities, 
t LL indicates liquid limit, 

Source. Adapted from Charles G. Ramsey and Harold R Sleeper, /trchilecrural Graphic Siandards, 7th ed„ Robed T. Packard (ed,), Wiley, New York, 1 981 
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1 illustrates a hypothetical soil profile, 
showing all major soil horizons. 

A number of soil classification systems 
have been developed for various purposes. 
The four most common classification sys- 
tems are described below. Table 810-1 
illustrates the differences between these 
systems in terms of soli texture and their 
relationship to standard American Society 
for Testing and Materials (ASTM) sieve 
sizes. 

2.2 Classification of Soil by Origin 

Soils can be broadly classified as either 
residual soils, formed in place through 
weathering of bedrock and disintegration 
of organic matter, or as transported soils, 
materials that have been moved from 
another place by glaciation. wind, water, or 
gravity. Table 810-2 provides a classifica- 
tion of soils according to their origin. 



■ayaa«igiim^wg™iigi«.ii,>Y«Mi.ki 

A number of soil classification systems have been developed to describe soils In 
terms of specific uses such as agriculture and highway construction. The choice of 
classification system depends on the nature of the project and available data. 



1 . USDA classification system is based on agricultural suitability and describes the rela- 
tive proportion of clay, silt, and sand particles within the soil (Figure 810-2), 

2. USDA classification system is limited to depths of about 1 m (3 ft.) This data cannot 
be used in situations where information about greater depths is needed. 

3. The AASHTO system is based on highway construction suitability and classifies soils 
Into two major categories (Table 810-5): 

a) Granular materials (groups A-1 through A-3) that are considered excellent to good 
as a subgrade 

b) Silt-clay materials (groups A-4 through A-7) that are considered fair to very poor 
as a subgrade. 

4. The unified system was devised for highway engineering and divides soil into three 
basic categories (Figure 810-3 and Table 810-6): 

a) Coarse-grained soils that are excellent to fair as foundation material. 

b) Fine-grained soils that are fair to very poor as foundation material. 

c) Organic soils that are not suitable as foundation material. 
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Figure 810-3. Classification procedure for the unified system. 



2.3 The USDA System 

The New Soil Taxonomy lists eleven basic 
soil orders based primarily on climate, par- 
ent material, and vegetation (Table 810-3). 
This classification system provides a frame- 
work for the United States Department of 
Agriculture Natural Resource Conservation 
Service (USDA) system 

Also, the USDA Natural Resource 
Conservation Service has developed a clas- 
sification system that evaluates and classi- 
fies soils in terms of their genesis and mor- 
phology. Newer surveys are superimposed 
on aerial photographs and are supplement- 
ed with information applicable to land uses 
other than agriculture. In the USDA sys- 
tem, information on soils is limited to 
depths of about 1 m (3 ft) This data can- 
not be used to address problems requiring 
soil information at greater depths. 

Figure 810-2 shows the USDA soil tex- 
tural triangle, and Table 810-4 lists com- 
mon terms used in the USDA classification 
system. 

2.4 The AASHTO System 

The American Association of State 
Highway Transportation Officials (AASH- 
TO) has developed a soil classification sys- 
tem based on engineering properties of 
soils and their suitability for highway con- 
struction (Table 810-5). Soils are classified 
into seven groups (A-1 through A-7) based 
on laboratory determination of particle size 
distribution, liquid limit, and plasticity 
index. Soils are evaluated within each 



group by a group index value which is cal- 
culated from an empirical formula. Croup 
classification and group index values deter- 
mine the relative quality of soils for their 
suitability in embankments, subgrades, 
bases, and subbases. Soils are divided into 
two major groups: (1) granular materials, 
which pass less than 35 percent of materi- 
als through a 0.075 mm (No. 200) sieve, 
and (2) silt-clay materials, which pass more 
than 35 percent of the material through a 
0.075 mm (No. 200) sieve. 

2.5 The Unified System 

The Unified Soil Classification System 
divides soils into three basic categories: (1 ) 
coarse-grained soils, (2) fine-grained soils, 
and (3) organic soils (Table 810-6). Coarse- 
grained soils pass less than 50 percent fines 
through a No. 200 sieve, and fine-grained 
soils pass more than 50 percent fines 
through a 0.075 mm (No. 200) sieve. 
Organic soils are identified by visual exam- 
ination. Soil divisions are further delineated 
by 15 soil groups based on liquid limit, 
major soil textural fraction, and relative 
gradation. The unified system was devised 
mainly for highway engineering purposes. 
Figure 810-3 shows how specific classifica- 
tions are determined. 



PROPERTIES 



Shown and explained below are several 
major properties of soils. These should be 
observed and measured to help guide 
proper site planning and landscape design 



solutions. They have been grouped under 
three headings: physical properties, prop- 
erties related to site engineering and land- 
scape construction and properties related 
to horticulture. 

3.1 Physical Properties 

Texture: Is a way to classify the range of 
particle sizes that make up soil. Most soils 
have several different sizes of particles. 
Figure 810-2 shows the 12 texture classes 
developed for use in the United States. 
This data can be obtained from a soil sur- 
vey report, by field determination or by use 
of ASTMD-422-63 including a 300 mesh 
sieve. 

Color: Color is the most obvious feature 
observed in a soil profile. An experienced 
soil scientist or landscape architect, civil 
engineer, grower or contractor can deter- 
mine many characteristics by merely seeing 
and feeling the soil. In order to standardize 
the use of color, the Munsell color notation 
system has been adopted to read each hori- 
zon. The relationship between soil color, 
climate and soil maturity is used to classify 
soils. 

Density: The total volume of solids and 
voids in soil is commonly referred to as its 
bulk volume or density. The relationship 
between bulk density and pore space is 
inverse. 

Capillarity: This refers to the upward 
movement of moisture or water above the 
water table as a function of fine textured 
soil. Clay and silt soils have higher capillari- 
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Table 810-7. CAPILLARY ACTION IN VARIOUS SOIL TYPES 





llary Rise 


Soil Type 




on i one 


Ft 


M 


M 


H 


>8 


2.4 


Clay 


>5 


1.5 


>8 


2.4 


Sill 


>5 


1.5 


3-8 


1-2.4 


Fine sand 


1-5 


0.3-1.5 


1-3 


0.3-1 


Coarse sand 


0- 1 


0-0.3 








Gravel 









• Water rises in most soils by capillary action. Clays and silts may become fully saturated to almost 6 ft 
(2 m) above a water table, and some water may rise more than 1 1 ft (3.4 m). Note that c narse sand may 
allow a rise up to 3 fl (1 m). No capillarity results in coarse gravel. 

Source- Adapted with permission from Harold B, Olin, lohn L. Schmidt, and Walter H. Lewis, Construe- 
Iron: Principles, Materials, and Methods, U.S. League of Savings Institutions, Chicago, 1983. 




WATER TABLE * 



Table 810-8. PERMEABILITY AND DRAINAGE CHARACTERISTICS OF 
VARIOUS SOILS 



Soil type 


Approximate 
coefficient of 
permeability k, 
cm per sec 


Drainage 
characteristic 


Clean gravel 


5-10 


Good 


Clean coarse sand 


0.4-3 


Good 


Clean medium sand 


0.05-0.15 


Good 


Clean fine sand 


0.004-0.02 


Good 


Silly sand and gravel 


io-*-o.ot 


Poor to good 


Silty sand 


10-M0- 4 


Poor 


Sandy clay 


io-'-io- s 


Poor 


Silly clay 


10" fc 


Poor 


Clay 


io- J 


I'i Kir 


Colloidal clay 


to 5 


Poor 



1983. 



LWUID 




Figure 810-5. States of fine-soil con- 
sistency. As water content increases, 
soils become increasingly fluid. PI refers to 
the plastic Index, PL to the plastic limit, LL 
to the liquid limit, and SL to the shrinkage 
limit. 
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MINOR CONSTITUENT OF BEDROCK BUT MAY 

BE LOCALLY ABUNDANT IN SURFICIAL MATERIALS 



Figure 810-4. Areas of expansive 
soils in the United States. Expansive 
soils are most widespread in areas labeled 
regionally abundant, but many locations in 
these areas will have no expansive soils. In 
the unshaded portions of the map, some 
expansive soils may be found, but not in 
major regional concentrations. 
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ty action than coarse-textured soils (Table 
810-7). 

Permeability: This refers to the ability of 
a soil to transmit water downward due to 
gravity {Table 810-8). Permeability is a 
function of pore space and varies with void 
ratio, grain size and distribution, structure, 
degree of cementation, degree of satura- 
tion, and degree of compaction. Coarse- 
grained soils are typically more permeable 
than fine-grained soils. Percolation tests 
measure the permeability of a soil for 
example when designing leaching fields lor 
septic systems. 

Shrinkage and swell: Shrinkage and 
swell (volume changes) refers to the 
buildup and release of capillary tensile 
stresses within soil due to water. Volume 
changes are most profound among expan- 
sive soils. Figure 810-4 shows the general 
distribution of expansive soils in the United 
States. (Refer to Section 255: Natural 
Hazards: Expansive Soils, for more informa- 
tion on expansive soils and their implica- 
tions in site planning, design, and engineer- 
ing.) 

Cohesion: Cohesion is the ability of a 
soil sample to bind together when moder- 
ately dry. Cohesionless soils (such as dry 
beach sand) are easy to excavate but verti- 
cal side slopes cannot be maintained with- 
out support. 
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CAPILLARY WATER 
FROM WATER TABLE 

FROST TABLE 
WATER TABLE 



Figure 810-6. Dynamics of frost heave. Frost heave is caused by ice lenses form- 
ing beneath the pavement structure. 
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3.2 Properties Related to Site 
Engineering and Landscape 
Construction 



Elasticity: Elasticity refers to the ability 
of soil to return to its original shape after 
being deformed by a load. Conversely, it 
refers to the compatibility of a soil. In land- 
scape construction, the relative elasticity of 
soils on a site may determine where heavy 
equipment can be moved to avoid undesir- 
able compaction of soils. 

Plasticity: Plasticity refers to the ability 
of soil to be deformed under pressure with- 
out cracking or crumbling and to maintain 
a deformed shape after pressure is released 
Plastic deformation is an important factor in 
road and foundation work and is more sig- 
nificant under increasing loads. Given a suf- 
ficiently large load, a soil mass can shear 
and fail. 

Liquid and plastic limit: Liquid limit 
refers to the moisture content at which a 
soil passes from a liquid to a plastic state as 
moisture is removed. Plastic limit refers to 
the moisture content when soil passes from 
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Figure 810-7. Depths of frost penetration in the United States (inches).Nofe 

that depths of frost penetration can vary from these averages in specific geographical 
locations, especially in areas of significant topographic change. Always check local 
sources for more precise averages. 
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Figure 810-9. Optimum moisture 
contents (compaction curves) for 
various soil types (percent). High 
point on curve denotes optimum moisture 
content for particular soil type. 
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Figure 810-8. Soils most susceptible to frost heave. 



Table 810-9. COMPACTION TECHNIQUES FOR SOILS 



General soil types Compaction technique of fill of natural 



Cohesionless soil 
(sand and gravel) 



Moderately cohesive 
soili (sand and 
sill) 



Cohesive soils (clay 
and clay silt) 



Compaction is best when soil is 
vibrated and rolled. Rolling 
with saturated soil is possible, 
bul rapid permeability makes 
continued saturation difficult. 

Compacted in thin layers at 
optimum moisture content. 
Pneumatic rollers work best on 
slightly cohesive soils, gravel 
and sill soils, sandy soils, and 
nonplastic silt soils. Sheepsfoot 
rollers are better on plastic sift 
and clay soils. 

Soils should be compacted in thin 
layers at optimum moisture 
content. Pneumatic rollers 
work best on slightly cohesive 
soils, gravel and silt soils, sandy 
soils, and nonplastic silt soils. 
Sheepsfoot rollers are better on 
plastic silt and clay soils. 



Vibration by pile driving, 
vibroflotation or dynamite 



Pile driving above water tabli 
Must lower water table and 
use pile driving to compact 
lower levels 



Clays, organic material, and 
loose silts are best 
compacted by surcharging, 
i e. , by covering the area 
with sufficient amounts of 
fill (weight) to a desired 
degree of settlement 



a plastic to a semisolid state as water is fur- 
ther removed. Plasticity index refers to liq- 
uid limit minus plastic limit (Figure 810-5). 

Frost susceptibility: Frost susceptibility 
refers to the relative tendency of some soil 
to swell due to frost when the moisture in 
the soil freezes. Fine-grained soils exhibit a 
greater tendency to heave under cold tem- 
peratures than coarse-grained soils. The 
likelihood of heaving is dependent upon: 
(1) freezing temperatures in the soil, (2) a 



water table close to the frost line, and (3) 
soil characteristics favoring rapid upward 
movement of capillary water (i.e., clays and 
silts). 

Preventative action against frost heave 
includes such measures as (a) the removal 
of the fine-grained material and its replace- 
ment with subbase and base (typically 
gravel or rock fill) that is not susceptible to 
frost, (b) the intentional lowering of water 
tables, and (c) the installation of some form 



of insulation above the frost-susceptible 
material (Figures 810-6 through 810-8). 

Compressibility and compaction: Si ii 

can be compacted and, thereby, change 
the volume and its ability to support 
weight. For landscape construction soils 
often have to be compacted to prescribed 
densities to meet predetermined perfor- 
mance criteria The required compaction is 
best achieved when soils are of fairly spe- 
cific moisture contents. This depends on 
the type of soil to be compacted. Table 
810-9 describes various compaction tech- 
niques for soils and Figure 810-9 shows 
optimum moisture contents for compaction 
of various soil types. 

Bearing Strength: This relates to the 
ability of a soil to support a load without 
failure. It depends upon internal friction 
between soil particles and upon cohesion. 
Bearing strength is affected by changes in 
water content, rate and time of loading, 
and confining pressure. Soils compacted at 
optimal moisture content typically exhibit 
greater shear strengths than wet soils. 
Approximate bearing strengths of various 
types of soils are shown in Table 810-10. 



Drainage: Soil drainage has three com- 
ponents: (a) runoff, (b) internal drainage, 
and (c) permeability or porosity. Each one 
is in some way influenced by the other two. 
Topographic features (degree of slope, etc.) 
influence the volume and rate of runoff 
The steeper the slope the less water can be 
absorbed into the ground. Internal 
drainage refers to the flow of water 
through the soil profile. This rate is also 



Time-Saver Standards for Landscape Architecture 



810-11 



7^ 

4 .04 



. ZO 



PERCENT 
CLAY 



AJ\ 

.06 .07 .10 

A A A 



\ SO 



PERCENT 

. SILT 



A A A A 

■10 .13 .17 .10 .25 

A A A A A 



A A A A A A 

-18 .20 .26 .12 .43 .44 .50 

tVA A A A A A 



ltd 



100 90 AO 70 T 60 _ 50 40 JO 20 10 



■ PERCENT SAND 



Figure 810-10. Soil erodibility factor (K). USD A textural triangle with plotted K 
values to show relationships between sizes of mineral particles and soil erodibility. 



landslides attributable to various soil condi- 
tions.) 

Spatial variability; Most urban sites 
consist of more than one soil type but these 
are seldom mapped. Depending on the 
projected uses of a site it is often necessary 



Table 810-11. 



USDA SOIL 
DRAINAGE CLASSES 



effected by the permeability of the soil on 
the surface and below. 

The depth and fluctuation of water pen- 
etration, coupled with the rate of aeration 
and oxidation of the minerals in the soil, 
causes distinctive color patterns in the soil 
horizon called "mottling" The USDA- 
Natural Resource Conservation Service has 
recognized seven drainage classes. These 
are shown in Table 810-11 

Erodibility: This refers to the extent to 
which a soil mass can withstand the forces 
of wind or water erosion Figure 810-10 
shows degrees of erodibility for various 
types of soils. (Refer to Section 253: 
Natural Hazards: Landslides and Snow 
Avalanches, for information on process of 



Table 810-10. PRESUMED BEARING CAPACITY OF VARIOUS TYPES OF SOIL 



Depth to 


mottling 


Soil Drainage Clais 


cm 


(Inches) 




15 


(6) 


very poorly drained 


30 


(12) 


poorly drained 


51 


(20) 


somewhat poorly drained 


81 


(32) 


mndcrately well drained 


107 


(42) 


well drained 


132 


(52) 


■omMrhita excessively drained 


»152 


(*60) 


excessively drained 



Soil types 


U.S. tons/ft* M 


13 trie tons / in 


Well-graded, well-compacted clayey sands and gravels 


10 


120 


Gravels and gravelly sands, ranging from loose 1o well- 


4-8 


45-95 


compacled 






Coarse sands, from loose to well-compacted 


2-4 


25-45 


Fine, silly, or clayey sands, not well graded, (rom loose to 


1.5-3 


20-35 


well-compacted 






Homogeneous, nonplastic, inorganic clays, from soft to 


0.5-4 


5-45 


very stiff 






Inorganic, nonplastic silts, from soft to very stiff 


0.5-3 






SANDY LOAM SILT CLAY CLAY 
LOAM LOAM LOAM 



Figure 810-11. Water availability in 
soils (for plant growth). This chart 
shows the general relationship between 
soil moisture characteristics and soil tex- 
ture. Note that the wilting coefficient 
increases as soil texture becomes coarser. 
These are representative curves. Individual 
soils would likely have values different 
than those shown. 



Source: Kevin Lynch and Gary Hack, 5i(e Planning, 3d ed., MIT Press, Cambridge, Mass., 1984 



to take random or systematic profile sam- 
ples to determine what are the significant 
types of soil. 

3.3 Properties Related to 

Horticultural Applications 

Many of the above properties of soils effect 
not only site engineering and landscape 
construction but also how plants can or 
cannot grow in these soils. Table 810-12 
shows the general suitability of various soils 
for healthy plant growth, Table 810-13 
illustrates the relationship of soil texture to 
other soil characteristics. 

Available Moisture and Adequate 
Drainage: The existence of soil moisture 
does not ensure that water will be available 
to plants (Figure 810-11). Ideally, the ratio 
of air space to water in the soil should be 
11 Plants begin to wilt at the point at 
which the remaining soil moisture is held in 
tension by hydroscopic forces. Most plants 
cannot not survive if the soil is too wet. 
thus adequate water and drainage are cru- 
cial to most plants. 

Soil pH: This refers to the relative acidity 
or alkalinity of a soil. Table 810-14 and 
Figure 810-12 show how the levels of pH 
in the soil effects the availability of certain 
nutrients. Because all plants have specific 
tolerances for soil acidity or alkalinity, the 
pH tolerances for proposed plants must be 
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Table 810-12. RELATIVE SUITABILITY OF VARIOUS SOILS FOR HEALTHY PLANT GROWTH 



Soil suitability rating 



Good 



Moderate 



Soil drainage class 


Well and moderately 


Somewhat poorly 


Poorly and very 


well-drained 


drained 


poorly drained 


Moisl consistence 


Very triable, friable 


Loose, firm 


Very firm, extremely 
firm 


Textures 


vfsl, fsl, I, sil, si 


cl, scl, sicl, sc 


s, c, sic 


Thickness of soil (above 


>30in 


20-30 In 


<20 in 


hard layer, water 








table, or bedrock! 








Coarse fragments 


<8% 


8-15% 


>15% 


(volume) 








Slope 


<«% 


8-15% 


>15% 



Key: 

Vfsl— very fine sandy loam 
fsl — fine sandy loam 
L — loam 
Sil— silt loam 
SI— sandy loam 
CI— clay loam 
Scl— sandy clay loam 
Sicl— silty clay loam 
Sc— sand/clay mixture 
S — sand 
C — clay 

Sic— silt/clay mixture 



MINERAL SOILS 



f 'H 4.0 S.D 




PEATS 



pH 4.0 




SO | 6.0 

OPTIMUM 'pH' 



Figure 810-12. pH levels and nutrient availability. These graphs illustrate the 
effect of soil pH on nutrient availability. The growing media should be kept at a pH level 
at which all essential nutrients are available for the plantings. For most plants, the opti- 
mum pH level is 6.5 in mineral soils and 5.8 in peats. 



Table 810-14. TERMS FOR 

VARIOUS pH LEVELS 



Characteristics 


pH 


[xtremely acid 


Below 4.S 


Very strongly acid 


4.5-5.0 


Strongly acid 


5.1-5.5 


Medium acid 


5 h b.d 


Slightly acid 


6.1-6.5 


Neutral* 


6.6-7.3 


Mildly alkaline 


7.4-7,8 


Moderately alkaline 


7.9-8.4 


Strongly alkaline 


8.5-9.0 


Very strongly alkaline 


9.1 and higher 



■ Strict neutrality is pH 7.0. but in field work those 
soils between pH 6.6 and 7.3 are considered 
neutral. 
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Table 810-13. RELATIONSHIP OF SOIL TEXTURE TO OTHER 
SOIL CHARACTERISTICS 



Characteristic 


Sand 


Loam 


Silt Loam 


Clay 


Identify .ii 


Loose 


Cohesive 


Shows 


Shiny streak 


Permeability 


Excessive 


Good 


fingerprints 
Fair 


Fair to poor 


Available water 


Low 


Medium 


High 


High to 










medium 


Til lability 


Easy 


Easy 


Moderate 


Difficult 


Runoff potential 


Low 


Low to medium 


High 


Medium to high 


Nutrient storage capacity 


Low 


Medium 


Medium 


High 


Compact ability 


Low 


Medium 


Medium to high 


High 


Suitability 


High 


High 


High to 


Low 








medium 




Susceptibility to problems 


Low 


Medium 


Medium 


High 



of insufficient aeration 



Source: Phillip |. Craul, Urban Forest Soils. School of Forestry, State University of New York, Syracuse. 
N.Y. (From workbook for conference on Urban Forest Soils, sponsored by U.S. Forest Service, U.S. 
National Park Service, 1982.) 



Table 810-15. COMPRESSIVE 
STRENGTH OF COMMON ROCK 
TYPES USED AS AGGREGATES 



Characteristics 



pH 



Extremely acid 


Below 4.5 


Very strongly ,« id 


4.5-5,0 


Strongly acid 


5.1-5.5 


Medium acid 


5.6-6.0 


Slightly acid 


6.1-6.5 


Neutral" 


6.6-7.3 


Mildly alkaline 


7.4-7.8 


Moderately alkaline 


7.9-8.4 


Strongly alkaline 


8.5-9.0 


Very strongly alkaline 


9.1 and higher 



• Strict neutrality is pH 7,0, but in field work Ihose 
soils between pH 6.6 and 7.3 are considered 
neutral. 
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known before specifying or modifying soils 
for particular landscape projects. 

Colloidal Content: This refers to the 
amount of clay particles in a soil sample. A 
high clay content limits the permeability of 
the soil and affects the ability of plants to 
absorb dissolved nutrients in solution. 
Some clays (e.g., montmorillonite clays) 
have great absorptive capacity which 
means that they swell enormously when 
wet and shrink and crack when dry. (See 
Section 255: Natural Hazards: Expansive 
Soils for more information.) 

Depth: Soil depth typically refers to 
depth to bedrock, to water table or to 
unweathered parent materials. There is no 
optimum depth because it depends on 
many variables. Most plants need suffi- 
cient depth of soil to allow root growth 
coupled with adequate minerals, water 
supply and appropriate aeration. No less 
than 450 mm (18 inches) and no more 
than 300 meter (36 inches) is typically nec- 
essary for most temperate climate plants 

Soils for Urban Planting: Planted areas 
in urban environments, particularly paved 
areas near streets and heavy pedestrian 
traffic, often have problems of compaction, 
limited nutrient availability, and pollution 
from poisonous elements. One of the most 
severe problems is compaction of soils 
which results in retarded water infiltration, 
increased surface runoff, inhibited gas 
exchange, an oxygen deficient environ- 
ment, a reduction in valuable soil organ- 
isms, severely inhibited root growth, and 
increased thermal conductivity. Soils for all 
urban plantings require special preparation 
to ensure long-term healthy growth of 
plant materials. After considerable recent 
study and experimentation special mixtures 



Table 810-16. COMMON LOOSE AGGREGATES USED FOR WALKWAYS 



Material 

Gravel: 
Pea gravel 

Gravel 



Crushed stone: 
Granile chips 
in) 



Decomposed 

granile 
Colored rack 



Dolomite 
Redrock 

Crushed brick 



Smelting 
byproducts: 

Chert 



Red blaes 
Leca 



Color 

Salmon, buff, 
off-white 

Varies with 
region 



Pink, red, 
others 



Physical properties 

Round-shaped (small) 

Dries quickly; washes easily; 
excellent base and 
margin for stepping 
stones, tile, or concrete 
paving 

Angular shape; compacts 
well; particles interlock 



Compacts solidly when 
dampened and rolled 

Small fragments make 
impervious bedding 
advisable 



Stark white Discolors easily 



Venetian red 
(intense) 



Similar to 
pea gravel 



Compacts solidly when 
dampened and rolled; 
provides clean, hard, 
surface; surface breaks 
down into dust over lime 

t-ragments break up and 
wear down; stable base 
required 



Medium to lightweight; 
compacts; crowns and 
rolls easily; soft, crunchy 
surface 

Medium to lightweight; 
porous; holds water 

Lightweight; absorbs water 



Considerations 

Used for residential terraces 
and walks 

tasy to maintain by raking; 
stands up best when 
used as a topping over a 
more permanent bed 



Stays in place longer than 
rounded materials; can 
be manufactured with 
smooth edges; provides 
stable surface 

Similar to redrock; wears 
belter; costs ± Vs more 

Not as economical as other 
gravels; some colored 
rocks only available 
locally 

Requires extra care; not 
expensive; used best in 
small areas 

Available under other 



Good accent to planting; 
not suitable in areas with 
heavy traffic; expensive 
(10 times the cosl of 
redrock) 



Excellent for roof 
landscapes 



»oints: Soil Properties and Implications 



There are several major properties of soils which should be observed and if necessary 
measured for proper site planning, design and construction. These have been 
grouped under three headings: 

1. Physical properties: texture (Figure 810-2), color, density, capillarity (Table. 810-7). 
permeability (Table 810-8), shrinkage and swell (Figure 810-4), and cohesion. 

2. Properties related to site engineering and landscape construction: elasticity, plasticity, 
liquid and plastic limits (Figure 810-5), frost susceptibility (Figure 810-6 -8), compress- 
ibility and compaction (Figure 810-9 and Table 810-9), bearing strength (Table 810-10). 
drainage (Table 810-1 1), credibility (Figure 810-10), spatial variability. 

3. Properties related to horticultural applications (Table 810-12 -13): available moisture 
(Figure 810-11), soil pH (Table 810-14 & Figure 810-12). colloidal content, depth, 
and soils for urban planting. 



of coarse to fine aggregates and organical- 
ly enriched soils have been developed that 
are being used as a more optimum media 
to grow plants (particularly trees) in harsh 
urban environments. Readers are urged to 
seek the latest information for their area. 



4.0 AGGREGATES 



Aggregates refer to granular materials, 
including such natural materials as sand, 
gravel, and crushed stone to manufactured 
materials such as slag, vermiculite, pumice 
and crushed brick, etc. Aggregates have a 
wide range of uses in site engineering and 
landscape construction. Only two are list- 
ed below. Others uses are discussed in sev- 
eral other sections throughout the book. 
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1. Aggregates are graded by size and frequently combined in certain proportions to 
produce aggregate mixtures. 

2. The ability to withstand abrasion from pedestrian and/or vehicular traffic is an 
important characteristic of aggregates (Table 810-15). This can be achieved by using 
a well -graded coarse aggregate combined with sand or similar fine aggregates to 
create a tight water-resistant surface and an interlocking of aggregates to resist 
shear forces. 

3. Aggregates should support loads (pedestrian and/or vehicular) with little or no 
deformation. This can be achieved by adding some type of binding material, such as 
clay, 

4. Drainage of surface water is important to prevent excess infiltration into the ub 
grade. 

5. Aggregate surfaces should allow some upward movement of subsurface moisture to 
help maintain a desirable moisture level in the paving. 



4.1 Relevant Properties of 
Aggregates 

Cleanliness: Aggregates are considered 
clean if free of day, sill, mica, and organic 
matter 

Soundness: An aggregate is physically 
sound if it remains dimensionally stable 
under temperature or moisture change and 
resists weathering without decomposition. 
If exposed aggregate is to be used in con- 
crete, it may be necessary to conduct abra- 
sion tests to determine its durability as part 
of the wearing surface. (Table 810-15). 

Gradation: Aggregates are graded by 
size through progressively smaller sieves 
and then commonly combined in certain 
proportions to produce aggregate mixtures. 
The aggregate composition is defined by 
the percentage of the total sample (by 
weight) that passes through each sieve 
Grading is controlled by the producer and 
can be adjusted to meet the grading 
requirements of project specifications. 

4.2 Common Applications 

Aggregates are used for a wide variety of 
purposes in landscape construction ranging 
from a foundation material to finished sur- 
faces for walkways, driveways, and parking 
areas. Two of the most common uses of 
loose aggregate are for pedestrian walk- 
ways and vehicular roads and parking 
areas. Other uses of aggregate are dis- 
cussed in other sections of this handbook. 

Pedestrian Walkways: In regions where 
aggregate materials are readily available, 
aggregate walkways are inexpensive and 
easy to install. Table 810-16 describes the 
characteristics of common loose aggregates 



used for walkways. Aggregate walkways 
may be difficult to walk on. may limit 
accessibility, and they require periodic 
maintenance and replenishment (Refer to 
Section 440: Surfacing and Paving, and 
Division 900: Details and Devices, for more 
information.) 

Vehicular Roads and Parking Areas: 

Gravel, crushed stone, and other types of 
aggregates are used for finished surfaces of 
roads, driveways, and parking areas. These 
provide relatively inexpensive surfacing, 
but may not be appropriate for some situa- 
tions. Dust from vehicular traffic and fre- 
quent maintenance may discourage its use 
for high-traffic areas. 
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Table 820-1. ASPHALT CEMENT GRADING SYSTEMS 



Hard 

or <- 



Soft, 
> or 



Penetration graded 40-50 60 70 85 100 120 150 200-300 



Viscosity graded 



Viscosity graded on 
aged residue 
(AW 



AC -40 AC-30 At-20 AC-10 AC-5 AC-2.5 



AR-160 AR-20 AR-40 AR-B0 AR-10 



Older system that measures 
needle penetration. 
Asphalt is sampled at 
77'F (25"C). Still in use 
in Canada and in some 
states. 

Newer system introduced in 
1972. Scientifically 
measures viscosity of the 
asphalt at 140'F(60*C). 
Most states use this 
system. 

A variation of the more 
standard viscosity graded 
system. Measures asphalt 
after simulated aging. 
Used in several western 
states. 



* Consult local highway departments for criteria of local grading systems. Local criteria are often slight 
modifications of the above specifications, altered to suit local conditions. 

t The hard-soft scale is used to indicate relative hardness within each grading system and not as a com- 
parison of hardness from one grading system to another. The grades toward the harder, or thicker, end 
of the spectrum tend to be used in heavier traffic conditions or warmer climates. Cooler climates or 
lighter loads utilize grades toward the softer end of the spectrum. 



1.0 INTRODUCTION 



1.1 General 

Technically, the term asphalt refers 
only to asphalt cement or "binder," 
the basic cementitious material that is 
eventually mixed with aggregate to form 
pavements In common usage, however, 
the terms asphalt, asphalt pavement, 
asphalt concrete, and bituminous concrete 
refer to the many available mixtures of 
asphalt and aggregate that are used for 
various purposes in landscape construction. 

This section focuses exclusively on 
asphalt when used for paving, etc. 
although asphalt cement or binder is also 
commonly used as a sealant and as an 
adhesive (mastic). 

1.2 Manufacturing Standards 

The American Society for Testing and 
Materials (ASTM) and the American 
Association of State Highway and Trans- 
portation Officials (AASHTO) have estab- 
lished specifications on the manufacture and 
use of asphalt cement or binder products, 
and asphalt concrete mixtures commonly 
used in the United States. These specifica- 
tions were used as a guide for data shown in 
this section. 

It should be noted that in 1994 the 
industry formally accepted and began to 
implement the results of a ten year research 
effort conducted under the US Federal 
Strategic Highway Research Program 
(SHRP). This resulted in developing a new 
system for the design of asphalt paving to 
be known as Superpave. They are in the 
process of introducing a new designation 
for asphalt cement which hence-forth is to 
be called an "asphaltic binder" This binder 
will be known as PC (Performance Graded) 
binder and the new specifications for this 
asphaltic binder will be shown as a higher 
positive number followed by a negative 
number as for example PG 64-22. The first 
number represents a hot pavement design 
criteria in degrees centigrade and the sec- 
ond number represents the low or cold 
pavement design criteria in degrees centi- 
grade. The grades will vary by 6 degree 
increments on both the high and low ends. 

Since these new specifications are not 
officially available at the time of publica- 
tion of this handbook (1997), the U.S. 
readers of this Section are urged to seek 
the latest detailed data from either nation- 
al or local sources. Every major govern- 
mental unit throughout the world has 
established a set of standard specifications 
for asphaltic cement or binders that should 



be used as a guide to the production of 
quality asphalt pavements within its juris- 
diction. Local standards and practices 
should always be consulted for the appro- 
priate designs and specifications for any 
specific region or area. 



2.0 ASPHALT CEMENT OR 
BINDER 



2.1 Properties of Asphalt Cement 
or Binder 

Asphalt cement or binder has several 
important properties that effect how this 
material can be used for various purposes 
and conditions. 

Thermoplasticity: Asphalt cement or 
binder is an adhesive which deforms under 
loads or liquefies with heat. These proper- 
ties cause it to be classified a flexible type 
of pavement. 

Viscosity and Grades: The viscosity of 
asphalt is directly influenced by tempera- 
ture. A temperature/viscosity slope can be 
plotted to define the temperature for mix- 
ing and compaction. An increase in tem- 
perature means a decrease in viscosity. 

Asphalt cement or binder can have grades 
of hardness or viscosity (Table 820-1). Each 
grade is intended for specific purposes. 



There are three different methods for grading 
asphalt cement or binders used in the United 
States and Canada. All three grade asphalt 
according to degree of hardness. Table 820- 
2 lists various grades of asphalt's from each 
method that are appropriate for roads, 
depending on climatic conditions. 

Weathering: The oxidation of the sur- 
face and the evaporation of lighter hydro- 
carbons (volatilization) causes asphalt to 
lose its plasticity and to become brittle with 
age. Properly sloped subbases and sub- 
grades, proper compaction of layers, and 
timely sealing and surfacing treatments 
keep weathering to a minimum. 

Insolvency: Asphalt is resistant to the 
chemical effects of water and of most salts, 
acids, and alkali's except petroleum-based 
materials, such as gasoline and oil-based 
paints if applied in concentrated amounts. 
Tar sealers are used on asphalt surfaces 
where concentrated spillage is expected. 

Colon Asphalt is naturally black, but 
certain proprietary products or paving 
processes can alter that color. (Refer to 7.3 
Colored Asphalt Pavements in this section 
for more information.) 
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Table 820-2. TEMPERATURE AND RECOMMENDED ASPHALT CEMENT 
GRADES FOR ROADS 



Temperature condition 



Cold, mean annual air temperature <7"C 


AC-5 


AC-10 


mm 


AR-2000 


AR-4000 




120-150 penetration 


85- 100 penetration 


Warm, mean annual air temperature 


AC-10 


AC-20 


between 7"C (45'F) and 24'C (75'F) 


AR-4000 


AR-80O0 


Hot, mean annual air temperature 


85 -100 penetration 


60-70 penetration 


AC-20 


AC -40 


(*24-C(75'F)t 


AR-BOOO 


AR- 16000 




60-70 penetration 


40-50 penetration 



• The above recommendations serve only as a guide. Consult local practices and standards to determine 
local specifications. 



t Severely cold temperatures may require very soft asphalts to minimize cracking In very hot climates, 
an asphalt mixture should be designed to resist rutting and to maintain stiffness. 

Source- The Asphalt Institute, Thickness Design: Asphalt Pavements lor Highways and Streets. MS-1, Col- 
lege Park, Md. 



2.2 Selection Criteria for Asphalt 
Cements 

Many tasks require specific asphalt cements 
or liquid asphalts. Table 820-3 lists various 
types and grades of asphalt cement and their 
appropriate uses. In all cases, local standards 
and practices should be consulted. 



3.0 AGGREGATE FOR ASPHALT 
PAVEMENTS 



The aggregate used in asphalt pavements 
must consist of an appropriate gradation 
and possess certain specific properties if it is 
to produce a strong and durable pave- 
ment. Local standards and practices often 
reflect readily available aggregate materials 
and gradations that have proved most suit- 
able and economical to use in that area. In 
all cases, aggregate should be non- 
absorbent and non-laminar 

3.1 Sizes of Aggregate for Asphalt 
Pavements 

Aggregate is typically classified according 
to size The various sizes are mixed in cer- 



tain proportions (i.e., gradations) for even- 
tual use in an asphalt-aggregate mixture 
(e.g., asphalt concrete). (Refer to 3.2 
Aggregate Gradations in this section for 
more information ) 

Fine Aggregate: This refers to aggre- 
gates that pass the 2.36 mm (No. 8) sieve. 
Mineral dust refers to the portion of fine 
aggregate that passes the 0.075 mm (No. 
200) sieve, and mineral filler refers to that 
portion of fine aggregate that passes the 
0.60 mm (No. 30) sieve. Mineral dust and 
mineral filler are typically used in precise 
percentages to fill voids of coarse aggre- 
gate to produce a cohesive, dense, water- 
tight asphalt concrete mixture. 

Coarse Aggregate: This refers to aggre- 
gates retained on the 2.36 mm (No. 8) 
sieve. The interlocking and friction of 
coarse aggregates provide the major stabil- 
ity function in a pavement. 

Macadam Aggregate: This refers to 
coarse aggregates of uniform size, nomi- 
nally sized between 40 to 65 mm (1 -1/2 to 
2-1/2 in), usually of crushed stone, slag, or 
gravel Such aggregate is typically used in 



KEY POINTS: Asphalt Cement or Binder 



1 . Local standards and practices should be consulted prior to selecting the appropriate 
grade of asphalt cement or binder. 

2. Climate is an important factor in selecting asphalt cements. Severely cold tempera- 
tures may require very soft asphalt to minimize cracking, while very hot climates 
require harder asphalt to maintain stiffness and resist rutting. 

3. Many applications require specific asphalt cements or liquid asphalts (see Table 820-3). 



macadam construction. Macadam con- 
struction mixes asphalt cement with these 
aggregates to form an inexpensive coarse 
wearing surface. 

3.2 Aggregate Gradations 

Aggregate gradations contain a selected 
range of aggregate sizes in desired propor- 
tions. Maximum particle or stone size is the 
smallest sieve that 100 percent of the 
aggregates will pass, and nominal maxi- 
mum size is the largest sieve that retains 
any of the aggregates, but generally not 
more than 10 percent of the larger-size 
aggregates. 

Asphalt mixtures are commonly 
referred to by their nominal maximum size 
(referring to the aggregate contained 
therein). Four common aggregate grada- 
tions are: 

Fine-Graded Aggregate: Produces a sur- 
face of finer texture and less road noise 
than a coarse aggregates. 

Coarse- Graded Aggregate: Produces a 
more stable pavement with coarser surface 
texture and, therefore, more road noise. 

Dense-Graded (Well-Graded) Aggregate: 

Produces a surface that is very watertight, 
highly stable, and durable. 

Open-Graded Aggregate: Contains little 
or no mineral filler, therefore, its larger 
aggregates create larger voids which inter- 
lock and produce a pavement with good 
strength, rough texture, and high perme- 
ability. This pavement is suitable for porous 
drainage pavements located in regions free 
of frost/thaw conditions. 

Table 820-4 shows coarse aggregate 
gradations used for highway construction. 
When used singly or in combination, such 
gradations are also suitable for asphalt 
mixes. The proportional distributions 
shown in the table can be altered to suit job 
requirements and local conditions. Because 
of their permeability, they are restricted to 
special applications, 

3.3 Recycled Glass as Aggregate 

In the United States, some Federal projects 
require the use of recycled glass as aggre- 
gate within asphalt pavement. Glass must 
be carefully ground and rolled to minimize 
sharp edges that may become exposed 
with gradual wearing. Recycled glass works 
well in asphalt pavements of heavy use, 
such as roadways, because constant wear- 
ing continually grinds the glass edges. 
However, lighter uses, such as bicycle 
paths, can gradually expose the glass, and 
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Table 820-3. GUIDE TO USES OF ASPHALT 



< 

o 



Asphalt- aggregate mixtures 
Asphalt concrete and hot-laid 
plant mix 
Pavement base and 
surfaces 
Highways 
Airports 
Parking areas 
Driveways 
Curbs 

Industrial floors 

Blocks 

Groins 

Dam facings 

Canal and reservoir 

linings 
Cold-laid plant mix' 
Pavement base and 

surfaces 

Open-graded aggregate 
Well-graded aggregate 
Patching, immediate use 
Patching, stockpile 
Mixed in place (road mix) 10 
Pavement base and 
surfaces 

Open-graded aggregate 
Well-graded aggregate 
Sand 

Sandy soil 
Patching, immediate use 
Patching, stockpile 
Recycling 
Hot mix 
Cold mix' 
Asphalt-aggregate applications 
Surface treatments 

Single surface treatment 
Multiple surface 

treatment 
Aggregate seal 
Sand seal 
Slurry seal 
Asphalt applications 
Surface treatment 
Fog seal 
Prime coat 
Tack coal 
Dust laying 
Mulch 
Membrane 

Canal and reservoir 

linings 
Embankment envelopes 
Crack filling 

Asphalt pavements 
Portland cement concrete 
pavements 



Viscosity graded original viscosity graded residue 



X* 



Penetration graded 



g 



s 



'Mixed in prime only ^Diluted with water. 'Slurry mix. 'Rubber asphalt compounds ^Diluted with water 
'For use in cold climates "Before usinfj MCs lor spray applications <oltwi than prime coats), cheek with 



by the manufacturer «MS-2 only 
local pul'ulKin cuntiol agency 
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11 



Slow curing |$C) 



X 1 



X 1 
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X* 



X 3 
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X 1 
X* 
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X 3 


X 1 


X' 


X 1 
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X 1 


X 1 


X' 
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*Emulsif 
determlr 



ed asphalts ihown aft 
le the otoper grade of 
■lentil reasons. Use ol 



AASHTO j rid ASTM 
emulsified asphalt to 
emulsified asphalts is 



grades and may nut include all grades produced in all geographical areas. '"Evaluation of emulated asphalt-aggregate system required tO 
use "Use at the rapid cure <RC> asphatts « not shown on rhfc chart since their UK « hccomlng tare and is discouraged mi energy and 
encouraged instead. Source- The Asphalt Institute 
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increase the chances of sharp edges coming 
to the surface. 

3.4 Selection Criteria for Aggregates 

Table 820-5 shows four important criteria to 
consider when assessing the value of a par- 
ticular aggregate for use in an asphalt pave- 
ment. Each criterion is described below. 

1. Hardness (Toughness): is the ability 
of the aggregate to withstand loads 
and wear. 

2 Resistance to Stripping: hydrophilic 
(water loving) aggregates, tend to 
strip away from the asphalt bond, 
reducing the stability and skid resis- 
tance of the pavement. Anti-strip- 
ping compounds can be added to 
asphalt mixtures to permit the use of 



1. Different types of aggregate provide varying degrees of suitability for asphalt paving 
with regard to hardness, resistance to stripping, surface texture, and crushed shapes 
(see Table 820-5). 

2. The larger the size of aggregates in a gradation, the greater will be the strength and 
durability of the pavement. 

3. Gradations with larger aggregates result in a rougher pavement (or surface texture) 
than do gradations with finer aggregate. 

4. The larger the aggregates, the greater will be the road noise generated by vehicular 
traffic. 

5. The color of a weathered asphalt pavement is also a function of the color of the 
larger aggregates. 

6. In the United States, many Federal projects require the use of some percentage of 
recycled glass as aggregate within asphalt pavement. This is best for heavy use 
pavements. The glass must be carefully ground and rolled to minimize sharp edges 
that may become exposed with gradual wearing. 



Table 820-4. COARSE AGGREGATE GRADATIONS FOR HIGHWAY CONSTRUCTION 
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2 


63-38.1 mm 
(2»-l»in) 






loo 


90-100 


35-70 


0-15 




0-5 
















24 


63- 1 9.0 mm 
(2»-* in) 






100 


90 ion 




25-60 




0-10 


0-5 














3 


SO-25.0 mm 
12-1 In) 








100 


90-100 


35-70 


0-15 




0-5 














357 


50-4.75 mm 
[2 in-No. 4) 








100 


95-100 




35-70 




10-30 




0-5 










4 


38.1-19.0 mm 
[111-* in) 










100 


90-100 




20-55 


0-15 




0-5 










467 


38.1-4,75 mm 
(I* in-No. 4) 










100 


95-100 




35-70 




10-30 


0-5 










5 


25.0 - 12. S mm 
(1-*in) 












100 


90-100 


20-55 


0-10 


0-5 












56 


25.0-9.5 mm 
(1-* ln| 












100 


90-100 


40- 7S 


15- !S 


0-15 


0-5 










57 


25.0-4.75 mm 
(1 in-No. 4) 












100 


1(5- ioo 




25 60 




0-10 


0-5 








6 


19.0-9.5 mm 
(*-» in) 














100 


'in nm 


20 55 


0-15 


0-5 










67 


19.0-4.75 mm 
(* in-No. 4) 














100 


90 100 




20-55 


a io 


5 








68 


19.0-2.36 mm 
(* in -No. 8) 














IOO 


90 100 




30-65 


5-25 


0-10 


0-5 






7 


12.5-4.75 mm 
(tim-ND. 4) 
















ion 


90-100 


40-70 


0-15 


0-S 








78 


12.5-2.36 mm 
(1 in-No. 8) 
















too 


90-100 


40-75 


5-25 


0-10 


0-S 






8 


9.5-2.36 mm 
(*in No. 8) 


















100 


85 100 


10 30 


0-10 


0-5 






89 


9.5-1.18 mm 
(V in-No. 16) 


















100 


90-100 


20 55 


5-30 


0-10 


0-5 




9 


4.75- 1. IB mm 
(No. 4 -No. 
16) 




















100 


85-100 


10-40 


0-10 


0-5 




10 


4,75 mm (No. 
4-0-) 




















100 


85-100 








10-30 



bases and 



o 
rs 
oo 



granular surface courses, refer to Table 820-9 and 4 4 of this section 
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Table 820-5. PROPERTIES OF VARIOUS AGGREGATE TYPES FOR 
ASPHALT PAVEMENTS 




Igneous 



Granite 


1 iir 
f air 


Fair 


Fair 




Syenite 


Good 


Fair 




Fair 


Diorite 


1 tl>l HI 


Fair 


Fair 


Good 


Basalt (trap rock) 


LlOOCl 




( |C Mil 1 


Good 


Diabase [trap ruck! 


Good 


Good 


Good 


< mod 


Gabhro ttrap rock) 


Good 


Good 


Good 


Good 


Sedimentary 










limestone, dolomite.- 


I'lMJl 


Good 


Good 


Fair 


Sandstone 


Pair 


Good 


Good 


Good 


Chert 


Good 


1 all 


Poor 


Good 


Shale 


Poor 


Poor 


Fair 


Fair 


Metamorphit 










Gneiss 


Fair 


Fair 


Good 


GiKid 


Sihisl 


fair 


Fair 


Good 


Fair 


Slate 


Good 


Fair 


Fair 


Fair 


Quartzfte 


Good 


Fair 


Good 


Good 


Marble 


Poor 


Gorxl 


Fair 


Fair 


Serpent ine 


Good 


Fair 


Fair 


Fair 



Source: W A. Cordon. Properties {valuation and Control of Engineering Materials. MrCraw-HIII, New 
York, 1979. 



some hydrophilic aggregates. Check local 
practice. 

3 Surface Texture: a rough surface tex- 
ture aids in bonding and makes the 
pavement more stable and resistant to 
abrasion and skidding. 

4. Crushed Shape: cubic, angular, 
crushed shapes interlock and give the 
pavement more strength than do 
smooth, rounded aggregates. 

In addition to these four criteria, a few 
other criteria must be considered when 
selecting an aggregate for an asphalt con- 
crete mixture (see Key Points - Aggregates 
for Asphalt Pavement) 



4.0 ASPHALT PAVING MIXTURES 



4.1 Asphalt Concrete 

Asphalt concrete, the most widely used 
asphalt paving mixture, consists of a dense- 
graded aggregate heated to approximately 
150° C (300° F) t which is then mixed (at a 
plant) with asphalt cement heated to a 
temperature of 135° C (275" F). The heat- 
ed mixture is taken to the site, placed either 
by paving machines or by hand, compact- 
ed to achieve maximum density, and 
allowed to cool. Asphalt concrete is typical- 
ly applied in compacted thicknesses rang- 
ing from 20 mm (3/4 in) to more than 300 
mm (1 ft). The thickness of any layer of 
asphalt concrete should always be at least 
twice the nominal maximum size (or maxi- 
mum particle size) of the aggregate. Table 
820-6 shows the composition of various 
asphalt concrete mixtures. 

A finished asphalt concrete pavement 
should contain 2 to 7 percent voids (air) by 
volume to allow for expansion of the pave- 
ment and to allow for compaction of the 
aggregate over the life of the pavement. 

4.2 Surface Treatments 

Surface treatments refer to special asphalt- 
aggregate applications laid in less than 25-mm 
(1-in) thicknesses on existing or new pave- 
ment. Surface treatments are used for color 
coating, sealing, improving skid resistance, 
or prolonging the service life of a fair to 
good pavement surface. 

The application of a surface treatment 
involves spraying heated asphalt cement 
(emulsified or cutback asphalt) onto a sur- 
face, followed by the desired aggregate. 
The application Is then rolled, thereby forc- 
ing the asphalt and aggregate to firmly set 
together. Some surface treatments have the 
aggregate and asphalt premixed, while 



others do not use aggregate at all. Various 
surface treatments are described in Table 
820-7 and illustrated in Figure 820-1. 

Table 820-8 provides information on the 
quantities of asphalt and aggregate neces- 
sary for single surface treatments and seal 
coats. Table 820-9 provides information on 
aggregate gradations appropriate for sur- 
face treatments. Surface treatments extend 
the pavement's life but do not increase the 
structural strength of the pavement. 

4.3 Asphalt Paving Blocks 

Premolded asphalt blocks are often used 
for pedestrian paving and some vehicular 
surfacing. The precise mixture of asphalt, 
aggregate, and rock dust varies in manu- 
facture to suit specific uses. Smooth sur- 



faces are available as well as exposed 
aggregate finishes in colors of black, 
brown, gray, and tan. After placement, the 
aggregate may be further exposed and 
given a weathered effect by sandblasting. 

Table 820-10 shows thicknesses and 
typical applications of asphalt paving 
blocks. Figure 820-2 shows a few standard 
shapes that are commercially available. 
Special orders are also possible, Block pave- 
ments require base and subbase courses 
and typically require some type of edging 
for containment. Information on construc- 
tion specifications and the availability of 
particular thicknesses, shapes, and colors 
can be acquired from the manufacturer. 




1 . The thickness of any layer of asphalt concrete should always be at least twice the 
nominal maximum size (or maximum particle size) of the aggregate 



2. A finished asphalt concrete pavement should contain 2 to 7 percent voids (air) by 
volume to allow for expansion of the pavement and compaction of the aggregate 
over time. 

3. Surface treatments are used for color coating, sealing, improving skid resistance, or 
prolonging the service life of a fair to good pavement surface, but do not increase its 
structural strength 

4. Block pavements require base and subbase courses and typically require some type 
of edging for containment (consult manufacturer for construction specifications). 

5. Granular materials unsuitable for base courses can be treated with an asphalt 
cement to produce a stabilized base course. 
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Table 820-6. COMPOSITION OF ASPHALT MIXTURES 







asphalt* 








Mix designation . 


nd nominal maximum size of aggregate' 






Di in 




Kin 


Kin 




No. 4 


No. 16 k 




(37.5 


1 in (25.0 


(19.0 


(12.5 


% in (9.5 


(4.75 


(1.18 




mm) 


mm) 


mm) 


mm) 


mm) 


mm) 


mm) 




Typical pavement counts for corresponding mix designation 






Intermediate 
or binder 


Surface courses' 






Grading or total aegre 


gate (coarse plus fine, plus filler if r 


equlred) 




Sieve size 




Amounts finer than each laboratory sieve (square opening), w 


eight percent' 




2 in (50 mm) 

















lib in (37.S mm) 


90 to 100 


100 












1 in (25.0 mm) 




90 to 100 


100 










Kin (19.0 mm) 


56 to 80 




90 to 100 


100 








Kin (12.5 mm) 




56 to 80 




90 to 100 


100 






%in [9.5 mm) 






56 to 80 




90lo100 


100 




No. 4 (475 mm) 


23 to 53 


29 to 59 


35 lo 65 


44 to 74 


55 to 85 


80 lo 100 


100 


No. B (2.36 mm) k 


15 to 41 


19 to 45 


23 to 49 


28 to 58 


32 lo 67 


65 1o 100 


95 to 100 


No. 16 (1.18 mm) 












40 to 80 


85 to 100 


No. 30 (600 pm) 












20 to 65 


70 lo 95 


No 50 (300 iim) 


4 to 16 


5 lo 17 


5 to 1 •■) 


5 lo 21 


7 to 23 


7 to 40 


45 to 75 


No. TOO (150 jim) 












3 to 20 


20 to 40 


No. 200 (75 ami' 


to 6 


1 to 7 


2 to 8 


2 to 10 


2 to ifl 


1 to 10 


910 20 








Asphalt ceme 


rrt, weight percent of total mixture ''"• n 






3 to 8 


3 to 9 


4 io id 


4 to 11 


5 lo 12 


6 to 12 


8 to 12 




Suggested coarse aggregate sites, number ' 




4 and 67 


Sand 7 


67 or 68 


7 or 78 


8 








or 


or 57 


or 












4 and 68 




6 and 8 











" Consult local standards and practices lor composition mixes and durabilities at local construction sites. These figure* serve as a guide only. 

11 Typical life expectancy is about 20 years, at which time resurfacing operations would be needed Durability based upon a number of factors, mt hiding tr.irt'ir . 
environment, maintenance, climate, materials, and construction of pavement 

' The larger Ihe maximum stone size, Ihe louder the Iraflii noise will be 

* Color of normal pavements (after initial wear) is a function of the color of the larger aggregate Darker tones are achieved by increasing amounts of finer sand 
and filler 

• Mixtures wilh coarse aggregate have rougher finished surface texture lhan mixtures with fine aggregate. 

1 The unit of measures for asphall concrete is tons. Commonly, a square yard of asphall concreie pavement one inLh Ihii k weighs 055 tons (110 lbs) In some 
instances, Ihe Specific gravity of Ihe aggregate may lie higher or lower lhan normal, thereby Jlli'Mnj! this figure accordingly, for mnsl |ljI>s u|) In 1 to 2 ai res in 
size, the figure mentioned is adequate. Consult local practices and standards. 

' Sheet and sand asphall have finer texture. However, these mixtures lack the larger aggregate that tend to produce stable, dense, strong pavements. Where 
stability and fine texture are important fac tors, utilize Ihe more common *-in nominal mix designation 

h Sheet asphall produces a clean, relatively noiseless surface that has been used in many areas for decades. The relatively higher asphall content and increasing 
amounts of finer mineral dust causes mixture to be somewhat more expensive to produce. An excess in asphalt could produce an unstable sudace, bleed 
asphall lo surface, or be slick when wet. Sheet asphall scuffs more easily lhan coarser mixtures. 

1 The thickness of any compacted pavemenl layer should be at least twice the nominal maximum sue or maximum stone size (whichever term is used). 

'Asphalt pavemenl courses typically used for the corresponding asphalt concreie nominal mix designations. Surface courses typically are »-in and tiin mix 
designation reserved for surface courses where heavier duty is expected. See note i above. 

1 In considering the lotal grading characterises ol an asphalt paving mixture, the amount passing the 2.36 mm (No. 8) sieve is a significant and convenient field 
control point between fine and coarse aggregate. Cradings approaching the maximum amouni permitted to pass the 2.36-mm sieve will result in pavemenl 
surfaces having comparatively fine texture, while gradings approaching the minimum amount passing Ihe 2.36-mm sieve will result in surfaces with compara- 
tively coarse texture. 

' The materials passing Ihe 75-iim (No. 200) sieve may consist of line particles of the aggregates or mineral filler, or both It shall lie free of organic matter and 
clay particles and have a plasticity index not greater than 4 when tested in accordance wilh ASTM Method D 423 and ASTM Method D 424. 

m The quantity of asphalt cement is given in terms of weight percent ot the total mixture. The wide difference in (he specific gravity ul various aggre^.ttes, i-. 
well as a considerable difference in absorption, results in a comparatively wide range in the limiting amount ot asphalt cement specifier! The amount of asphalt 
required for a given mixture should be determined by appropriate laboratory testing or on Ihe basis ol past experience with similar mixtures, or by a combination 
of both. 

" Table 820-3 lists asphalt cement grades appropriate for certain pavements. 
" Refer to Table 820-4 for coarse aggregate gradations 

Source: Adapted from ASTM Designation 3S15. Standard Specifications for Hot-Mix, Hot-tiki fliluminous Paving Mixtures 
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Table 820-7. SURFACE TREATMENT TYPES AND CHARACTERISTICS 



Prime coat" (Fig. 
820-11 



Dust palliative (Fig. 
820-2) 



Fog seal" | Fig. 820-3) 



Slurry seal," (Fig. 
820-4) 

Sand seals"-' (Fig. 
820-5) 



Single-surface 
treatment' ' (chip, 
seal, or aggregate 
seall (Fig. 820-6) 

Multiple surface 
treatment'-' (Fig. 
820-7) 



To waterproof and provide some 
structural strength to untreated 
gravel base by penetration 



To reduce road dust produced by wind 
or moving vehicles 



To seal and fill very small cracks and 
voids in open-graded pavements 



To seal previously paved surfaces and 
fill cracks in old pavements thai 
otherwise are in good condition 

To fill fine cracks and to seal exisling 



To seal and waterproof, provide a 
wearing course, increase skid 
resistance, or provide color over 
other pavement. 

To seal and provide wearing course 
over other pavements 



Heavy application of dilute or thin 
liquid asphalt of low viscosity to 
gravel base 



Best slow-curing cutback asphalt or 
diluted (4;9 with water) slow- 
setting emulsified asphalt, medium- 
curing asphalt or medium-setting 
emulsified asphall 



Slow-setting emulsified asphall diluted 
with water 



SInw-setting emulsified asphalt, fine 
mineral filler, and water 



Low viscosity or moderately diluted 
asphalt with sand aggregate 



Liquid asphalt followed by uniform- 
sized aggregate, % to Vt in most 
common, sometimes Hi to tfa in 

Two or more surface treatments 
applied on top of one another 



Penetrates gravel road surface % in, 
more or less. Saturates gravel base so 
subsequent surface treatments will 
not be absorbed. Not intended to be 
applied to paved surfaces. Applied 
on aggregate bases when asphalt 
pavements are less than 3 in thick. 

Penetrates surface about - in binding 
particles together. Light applications 
are typical (about 0.2 gal/yd 2 ). 
Consult local practices and standards. 
Medium-curing and medium-setting 
asphalts typically become brittle and 
crack, thus their use is limited. Slow- 
curing cutback asphalts endure 
longest. 

Apply only on coarse-textured surface 
so fog can be absorbed into surface. 
Do not use on dense smooth 
surfaces or slickness will result. Over- 
applications produce a slippery 
surface. 

Provides smooth, tight surface. Most 
often handled by specialty 
contractor. 

Very low-cost sealing treatment as dnne 
by local labor, material, and/or 
contract. Generally restricted to low- 
volume rural road maintenance. 
Rarely used in commercial 
applications. 

Moderate cost sealing and surface 
rejuvenation. Difficult to apply in 
small areas such as parking lots. More 
common for roads. 

Aggregate sizes vary as maximum-sized 
aggregate of successive treatment is 
usually one-half of the previous one. 
Difficult to apply in small areas such 
as parking lots. More common for 
roads. 



* Consult local sources for standards and practices for specific construction jobs. 

6 Use of liquid asphalts necessitates a period of airing time during which pavement is unusable. Failure to take 
precautions during application results in tracking and improperly sealed pavemenl. 

c Because of thinness, average life expectancies for surface treatments range from 3 to 8 years, based on factors 
such as traffic, climate, environment, and quality of original pavement. Consult local practices and standards for 
expected durabilities at local job sites. 

rf Applied from a prepared mixture. 

■ Applied by placing the liquid asphall on the desired surface first, then covering with a layer of aggregate particles. 
Compaction fortes the aggregate down, mixing with the asphalt. 

' Refer to Table 820-3 for information on surface treatments and specific liquid asphall grades and viscosities. Refer 
to Table 820-8 for the asphalts and Table 820-9 for the aggregates used in these surface treatments. 
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PRIME COAT 



COMPACTED AGGREGATE 




OUST PALLIATIVE 



APPRO* 1/2 Its 

COMPACTED 
AGGREGATE 



DUST PALLIATIVE 



mm 



■ 1/2-3/8 I H 

AGGREGATE SEAL 
OR CHIP SEAL 
SURFACE TREATHENT 

PAINE COAT 

COMPACTED AGGAEGRTE 
OR 

EXISTING ASPHALT 
PRUEMENT 



SINGLE SURFACE TREATMENT 



1/2-3/4 tN 

MULTIPLE SURFACE 
TREATMENT 

PA I HE COAT 

COMPACTED AGGREGATE 
OA 

EXISTING ASPHALT 
PAUEMENT 



MULTIPLE SURFACE TREATMENT 




FOG SEAL 



WEAV THIN APPLICATION 
ABSORBED BV SUAFACE 

FOG 



ASPHALT PAUEMENT 




ASPHALT PAUEMENT 



SAND SEAL 




SLURRY SEAL 



i/e in 

SINGLE SLURRY 
DOUBLE SLURRV 

1/4 IN 



ASPHALT PAUEMENT 



Figure 820-1 . Typical asphalt surface 



4.4 Asphalt-Treated Granular 
Base Courses 

Granular materials unsuitable for base 
courses (e.g., because of poor interlocking 
ability) can be treated with an asphalt 
cement to produce a stabilized base course 
(i.e., bituminous stabilization). Although 
this is used less commonly than aggregate 
or asphalt base courses, It can provide a 
suitable base at less cost in some situations. 

4.5 Less-Common Asphalt Mixtures 

Commercially available asphalt paving mix- 
tures less commonly used than those previ- 
ously described are shown in Table 820-11. 



5.0 PRINCIPLES OF ASPHALT 
PAVEMENT DESIGN 



5.1 Typical Pavement Sections 

Asphalt pavements typically consist of lay- 
ered asphalt-aggregate mixtures placed 
either directly on a subgrade or improved 



subgrade, or on an aggregate base over a 
subgrade or improved subgrade, or on an 
existing pavement made of concrete, brick, 
or stone. Figure 820-3 shows several typi- 
cal pavement profiles, each designed for 
specific purposes (refer to Section 440: 
Surfacing and Paving for more information 
on pavement design). 

5.2 Pavement Functions 

The aggregate of the various pavement 
layers supports the loads imposed on it 
while the asphalt cement waterproofs and 
helps to bind everything together (Figure 
820-4). The water tightness prevents mois- 
ture from entering and weakening the sub- 
grade. For heavier loads and weaker sub- 
grades thicker layers of asphalt mixtures 
and/or base and subbase aggregates are 
required to distribute the loads and to pre- 
vent pavement failure. The top surface 
needs to be smooth, resistant to wear, dis- 
tortion, and deterioration by weathering 
and deicing chemicals. 



6" a 




Figure 820-2 Typical asphalt surface 
treatments. 



5.3 Asphalt Pavement Construction 

Asphalt pavement design tends to be an 
empirical (or experience-based) technology 
derived from local practices and materials. 
The information on pavement construction 
contained in this section is a summary of 
what is required to produce a conservative 
design that performs well and requires little 
or no maintenance for approximately 20 
years. Designs that vary significantly from 
the ones suggested herein can be used 
where local experience demonstrates an 
equal or satisfactory performance is 
assured. Where ranges are shown then a 
precise figure for each layer should be 
based upon local practice and standards. If 
such data are not known, then the higher 
pavement design value should be used. 

The minimum total thickness of the 
combined asphalt concrete layers in a pave- 
ment designed to carry very light loads 
(e.g., playgrounds and walkways) is 75 mm 
(3 in), to 100 mm (4 in). 

In the United States, the subgrade and 
base supporting capacities for flexible 
pavements are typically measured by the 
California bearing ratio (CBR) Some states 
use the R-value test, while others deter- 
mine subgrade strength based on soil clas- 
sification or other less-common soil 
strength tests. Refer to Section 810: Soils 
and Aggregates for additional information 
on bearing strength of soils. 

All subgrades for pavements must be 
stable and designed to minimize possible 
heaving due to frost. All subgrade layers 
require adequate compaction to ensure 
maximum strength and bearing potential. 
Good drainage is essential, and subgrades 
must be reasonably and uniformly dry so 
that localized poor drainage does not affect 
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their strength. Subgrades should drain par- 
allel to the pavement surface. 

Types of Asphalt Pavement Construction: 

The two basic types of asphalt pavement 
construction commonly used in the United 
States are: (1) full-depth design and (2) 
aggregate base design. 

Full-Depth Design: This refers to an 
asphalt concrete or other asphalt-aggre- 
gate mixture that is placed directly on a 
subgrade without an aggregate base (see 
Figure 820-3). 

The subgrade should be finished to uni- 
form grade and compacted at or near opti- 
mum moisture level. The existence of 
unusually wet, plastic soil requires replacing 
the soil with 100 mm (4 in) or more of 
untreated, coarse aggregate material or 
consult local practices for other options. 

Aggregate Base Design: Aggregate base 
design refers to an asphalt concrete or 
other asphalt-aggregate mixture that is 
placed on an untreated aggregate base 
over a prepared subgrade (see Figure 820- 
3). This type of construction is most appro- 
priate in areas where soils are highly sus- 
ceptible to frost action. 

The prepared base and subbase aggre- 
gate layer minimizes frost heave and helps 
distribute the imposed loads, allowing for a 
slightly thinner base course of asphalt con- 
crete or asphalt-aggregate mixture than is 
necessary in full-depth design. Untreated 
aggregate base and subbase should be com- 
pacted at or near optimum moisture levels 
(refer to Section 810: Soils and Aggregates 
for further information on compaction). 

Expected Pavement Life: 

Asphalt concrete pavements when property 
constructed typically requires surface main- 
tenance or resurfacing overlays about every 
20 years The durability of the pavement 
depends upon many factors, including traf- 
fic volume, quality of construction, frequen- 
cy of maintenance, severity of climate, and 
ihe quality of the materials involved. 



6.0 THICKNESS DESIGN OF 
ASPHALT PAVEMENTS 



6.1 Roads 

Design Factors: 

The thickness of asphalt concrete for roads 
depends on three factors: 

1. Traffic weight and number of vehi- 
cles: the heavier and/or more numer- 



Table 820-8. QUANTITIES OF ASPHALT AND AGGREGATE FOR SINGLE 
SURFACE TREATMENTS AND SEAL COATS' 



Line 


Nominal fixe 
of aggregate 


Quantity of 
aggregate kg/ 
■t-flb/ydMt 


Quantity of 
asphalt, L/m J (gal/ 

yd'ttl 


Type and grade 
of asphalt 


1 


19.0-9.5 mm 


22-27 


1.6-2.0 (0.35-0.45) 


A lit ■ i ■ ■ ■ 4 

Asphall cement' 




|*-ft in) 


(40-50) 


1.8-2.3 (0.40-0.50) 


RS-2, CRS-2 


2 


12.5-4. 75 mm 


14-16 


0.9-1.4 (0.20-0.30) 


Asphall cement 4 




(ft in-No. 4) 


(25-30) 


1.4-2.0 (0.30-0.45) 


RS-1, RS-2, 










CRS-1, CRS-2 


3 


9.5-2.36 mm 


It 14 


0,7-1.1 (0.15-0.25) 


Asphalt cement' 




(Sin -No. 8) 


(20-25) 


0.9-1.6 (0.20-0.35) 


RS-1, RS-2, 








CRS-1, CRS-2 


4 


6.3-1.18 mm 


8-11 (15-20) 


0.7-0.9(0.15-0.20) 


RS-1, MS-1, 




(Kin-No. 16) 






CRS-1, HI MS-1 


S 


Sand 


5-8(10-15) 


0.5-0.7(0.10-0.15) 


RS-1, CR5-I, 










MS-I, HFMS-1 



* These quantities of asphalt cover the average range of conditions lh.il include primed granular bases 
and old pavement surfaces. The quantities and types of materials may be varied according to local con- 
ditions and experience. 

t The lower application rates of asphalt shown in the above table should be used (or aggregate having 
gradations on Ihe fine side of the specified limits. The higher application rates should be used for aggre- 
gale having gradations on Ihe coarse side of the specilieri limits. 

% The weight of aggregate shown in the table is based on aggregate with a specific gravity of 2.65. In 
case the specific gravity of the aggregate used is lower (han 2.55 or higher lhan 2.75, the amount shown 
in the table above should be multiplied by the ratio that the bulk specific gravity of the aggregate used 
bears lo 2.65. 

{ AC-2.5, AC-5: AR-1000, AR-2000. 200/300 pen., 120/150 pen. (Note: In some areas persistent diffi- 
culty in retaining aggregate has been experienced with 200-300 penetration asphalt cements. Where 
this has occurred, the use of 200-300 penetration asphalt Is not recommended.) 
\ II Is important lo adjust the asphalt tontenl for the condition of the road, increasing it if the road is 
absorbent, badly cracked, or coarse, and decreasing it If Ihe road is "fat" with flushed asphalt. 



Corrections for Surface Conditions 



Tenure Caf/yd-' 



Black, flushed asphalt -0.01 lo -0.06 
Smooth, nonporous iuki 
Absorbent 

Slightly porous, oxidized +0.03 
Slightly pocked, porous, oxidized +0.06 
Badly pocked, jwrous, oxidized +0.09 



Table 820-9. QUANTITIES OF ASPHALT AND AGGREGATE FOR SINGLE 
SURFACE TREATMENTS AND SEAL COATS* 



Nomin.il size square openings t 



Sieve tite 
(square 


3/4 to 3/8 


1/2 to No.4 


3/8 to No. 8 


1/4 to No. 16 


Sand 














opening) 






re passing by weight 






1 


100 












ft 


90-100 


100 










ft 


20- 5S 


90 100 


100 








ft 


0-15 


40-70 


85-100 




100 


100 


ft 










90-100 




No. 4 


0-5 


0-15 


10-30 




60-85 


95-100 


No. a 




0-5 


0-10 




0-25 




No. 16 






0-5 




0-5 


45-70 


No. 50 












5-25 


No. 100 












o-to 


No. 200 










0-2 


0-2 



■ Refer to Table 820- B for information on aggregate gradations used in surface treatments, 
t In inches unless otherwise indicaled. 

Source: The Asphalt Institute, Asphalt Surface Treatments-Spec/'ficadons, ES-11, February, 1982. 
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ous the load, the thicker the pave- 
ment required. 

2. Subgrade support: weaker subgrades 
require stronger pavement design. 
The use of a strong aggregate subbase 
to achieve desired strength is recom- 
mended rather than thicker and/or 
more layers of asphalt concrete. 

3. Materials in the pavement structure: 
hot-mix asphalt concrete gives more 
strength and the aggregate base dis- 
tributes loads better than a full-deptn 
design. 

Thickness Design Procedure: 

The following design procedure is recom- 
mended for roads in the United States by 



Table 820-10. RECOMMENDED THICKNESS OF ASPHALT BLOCKS FOR 
TYPICAL APPLICATIONS* 



Typical application. 




» of unit 
ended. In 


1 raflic aisles and loading platforms 


1*or 2 




Piers and docks 


lis or 2 




Roof decks— parking or storage 


II 




Roof decks and balconies— recreational 


IK or 1 It 




Airport, hangars, runways, aprons 


1ft, 2, or 2ft 




Ramps and bridge approaches 


2ft or 3 




Streets, roads, bridges, viaducts 


2»or J 




Waterproofing protection courses 


U 




Estate, residential, and institutional driveways 


2, hexagonal 


or rectangular 


Walks, courts, plazas, and terraces 


2, hexagonal 


or rectangular 



* Check local praclices and standards, manufacturers' specifications, or a civil engineer to more accu- 
rately determine propel thickness tor particular jobs. 

Source. Adapted from The Asphalt Institute, The Asphalt Handbook, 1965. 



Table 820-11. LESS COMMON ASPHALT PAVING MIXTURES 



«al,t 



Cold laid plant mixes 
Cold mixes 
Emulsified asphalt 
Emulsified sand asphalt 
Emulsified sheet asphalt 



Road mixes mixed in place 
Cold laid road mixes 



Open-graded mixes 



Penetration macadam 



"a. 
O 



For immediate patching or 
stockpiling. Use on sites 
far-removed from asphalt 
concrete plant, base, or 
surface courses. 



For base and surface courses. 
Immediate patching or 
stockpiling. Use on 
surfaces far-removed from 
hot-mix plant. 



Typically as an overlay or 
nonskid surface 
(sometimes called friction 
course) on continuous 
flow, high-speed highway 
traffic surfaces 



courses or surface 
of roads 



Different mix designations available 
composed of liquid asphalts and 
various aggregate gradations in a 
plant-prepared mixture. 
Aggregate options include open 
and dense-graded gradations. A 
prepared and compacted 
subgrade 



Liquid asphalt or asphalt cement, 
open or dense-graded aggregate, 
sand or sandy soil 



Asphalt cements or emulsified 
asphalts. Open-graded 
aggregate, often tougher than 
other aggregate mixes; high 
degree of interlocking necessary 



Macadam aggregate nominally 
sized at 1 ft to 2 ft in; asphalt 
cement or emulsified asphalt, 
seal coat, and compacted and 
prepared subgrade 



Placed by paving machines at ambient 
temperatures and compacted. 
Requires a period of time for water 
or solvents to evaporate. Care is 
needed to ensure proper curing for 
desired strength. Fully cured 
strength 20 to 30% less than 
asphalt concrete. 

Deficiencies in strength typically 
remedied by using thicker layers. 

Mixed in traveling plant or by graders 
manipulating layers of asphalt 
material and aggregate. 

Not as precise as plant mixing. 
Additional surface treatments may 
be added to seal surface or provide 
wearing coat. 

As an overlay, has coarse appearance 
and temporarily absorbs water from 
light rains in pavement's porous 
structure. Better resists transferal of 
reflection cracks of pavement 
underneath than other mixes. 
Typically, not used for residential 
streets and parking lots. 

Larger aggregate compacted onto 
prepared subgrade covered with 
asphalt material that seeps and 
penetrates into aggregate. Covered 
by smaller aggregate and then 
entire material compacted. Seal 
coat applied to surface. Applicalion 
requires experienced labor to 
produce smooth riding surface. 
Rarely used today. 



• Consult local practices and state specifications or an engineer for materials and 
t See Table 820-3 for specific asphalt types of these mixtures. 



application guidelines. 
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ASPHALT 
PR0UIDE5 
H/4 TO 



TVPICALLY 



ASPHALT BASE COURSE 
/TVPICflLLV 3 IN. OR GAEATER 

SPREADS LOAOS FOR HI OH STRBIL I TV 

HSPKALT COMCAETE (SI NGLF COURST > 



to seaue as i 



™'"E COAT 



RtID WEAR i MO COURSE 



LIQUID ASPMRLT APPLIED Dh SUBGRRDE TO PENETRATE 
UOKMS^ HHflOEM TOP. AND 8IN0 OUERLYINO ASPHALT 




TYPICAL FULL-DEPTH A5PHALT PAVEMENTS 



BSfHBLT QOtRLRV 

PROVIDES NEU UEHH I HG SURFACE 




RSFHRLT LEUELING CMJRSF 

TO ELIMINATE IRREGULARITIES IN CONTOUR 

OF EXISTING PAUENENT 

T"CK COAT 



LIOUIO ASPHALT TO BONO OLD AND NEU 
PfflJENENT 



EXISTING CONCRETE PRUFrfHT 



TYPICAL ASPHALT PAVEMENT OVER EXISTING PAVEMENT 




N£V VE»RING COURSE 
ASPHALT it^LING.! 



MB COURSE 
TO ELIMINATE IRREGULAAI1 
EXISTING SURFACE 



ITIES IN 



THCK COAT 

LIQUID ASPHALTS TO BONO OLD AND 
NEW PAVEMENTS 

ASPHALT SURFACE COURSE 

PflOUIO« HEARING SURFACE. TVP I CALL V 
I 1/4 - 1 1/3 IN 

ASPHALT INTERNED I RTF (BI NDER) COURSF 



BETWEEN SURFACE COURSE AND BASE, TVPlCALLV 
I TO 3 IN THICK 



ASPHALX 

TVPICALLY 3 IN OR OAEATER 
SPHERES LORDS FOR HIGH STABILITY 



m cam 



AGGREGATE BHSF CTIRKF 



PROVIDES STAB I L I TV BV SPREADING LORDS 
AGGREGATE. 5UBBRSE ( I F REOU I RED ) 



IN AREAS OF EXTEHSIUE FROST ACTION WEAK 
WWWES D °" »«* CONSTRUCT ON PLRTFORtl 



EXI9TIN0 



compacted Exisnic soil 
rrrfl llll jrTTrl 'hphoved suborrde 



WHEN SUBGAADE REQUIRES INPROUEHENT BV 
USINO GRRMULAR MATERIALS OR STABILIZERS 





PREPARED 
SUBGRADE 

PATTERN OF LOAO DISTRIBUTION IN ASPHALT 
PAVEMENT ON UNTREATED AGGREGATE 
BASE OVER PREPARED SUBGRADE 




PREPARED 
SUBGRADE 



PATTERN OF LOAD DISTRIBUTION IN FULL- 
DEPTH ASPHALT PAVEMENT OVER 
PREPARED SUBGRADE 



Figure 820-4. Load distribution in 
asphalt pavements. Stronger materials 
spread loads more widely than do weaker 
materials Pavement and aggregate thick- 
nesses depend on the strength of the sub- 
grade. Subgrades that are less likely to fail 
under load requires less thickness in over- 
lying pavement. 



TYPICAL ASPHALT PAVEMENTS OVER UNTREATED AGGREGATE BASE 

Figure 820-3. Typical asphalt pavement sections. These sections show various 
courses of materials typically used in asphalt pavement construction. The actual pave- 
ment design used, including dimensional specifications, will depend on load, subgrade, 
materials, climate, and local practices. Prime coats are generally not used on pavements 
thicker than 3 to 4 in (75 to 100 mm) over aggregate, and are rarely used in full-depth 
pavements. Asphalt pavements over existing concrete, brick, or stone require special 
overlay construction techniques not covered in this handbook. 
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The Asphalt Institute. Local practices and 
standards should be investigated, as local 
conditions may suggest modification. 

1 . Classify the traffic: select the appro- 
priate traffic classification shown in 
Table 820-12. 

2. Classify the subgrade: determine 
the proper subgrade based on the 
criteria in Table 820-13. Consult a 
civil engineer to confirm the proper 
classification 

3. Determine the optimum asphalt con- 
crete specifications: use the specifica- 
tions of the local governing authority 
responsible for asphalt pavement 
specifications. If these are not avail- 
able, determine the optimum asphalt 
cement and aggregate combination, 
considering the proposed load and 
subgrade. 

Any untreated aggregate incorporat- 
ed in the design should comply with 
Graded Aggregate Material for Bases 
and Subbases for Highways and 



Airports (ASTM D2940) The aggre- 
gate should meet those requirements 
listed in Table 820-14. 

The subgrade should be compacted 
at or near optimum moisture content 
to achieve maximum density. The 
bases and subbases should also be 
compacted at optimum moisture con- 
tent to achieve a minimum density of 
100 percent maximum laboratory 
density. 

4 Determine the thickness: Table 820- 
15 lists the thickness requirements 
for a full-depth asphalt concrete 
pavement. Tables 820-16 through 
820-18 show thickness requirements 
for an asphalt concrete pavement 
over an untreated aggregate base. 

Design Examples: 

Two design examples are included here to 
clarify the procedure given above. 

Example A: (rural minor collector road): 



Table 820-12. TRAFFIC CLASSIFICATIONS FOR ROADS 



Approximate range — number 
of heavy trucks expected 



EAM 





■ Parking lots, driveways 


£7000 


S X to 1 




■ lighl traffic, residential 








streets 








■ Light traffic, (arm roads 






II 


■ Residential streets 

■ Rural farm and residential 
roads 


7000-15,0001 


w 


II! 


■ Urban minor collector 
streets 

■ Rural minor collector roads 


70,000- 1 50,0001 


10 s 


IVf 


■ Urban minor arterial and 
lighl industrial streets 

■ Rural maior collector and 


700,000- 1. 500.000 


10' 




minor arterial highways 




3 X 10* 


v« 


■ Urban freeways, 
expressways, and other 
principal arterial highways 

■ Rural interstate and other 
principal arterial highways 

■ Urban interstate highways 

■ Some industrial roads 


> 2,000,000 



• "Heavy trucks" refers to two-axle, six-lire trucks or larger, as well as to trucks with heavy-duty, wide- 
based tires. 

t "Design period" refers to the number of years Irom the initial application of traffic to the tirsl planned 
maior resurfacing or overlay. 

t "EAL" is the equivalent number of 80k N (1B.000 Ibl single-axle loads. The equivalent is the effect on 
the pavement of any combination of axle loads of varying magnitude that equals 18,000 lb (80 k NJ. 

} Thickness determination with increasing loads becomes very complex. Whenever possible, consult the 
Asphalt Institute's manual MS-1, Thickness Design— Aspfiaft Pavements lor Highways and Streets, to 
determine proper procedures and recommendations for classes IV and higher For reasons of complexity, 
pavement thicknesses of class V will not be discussed. In these cases, consult with a civil engineer. 

| When the value ol truck use is between two class values, proportionately alter Ihe thickness of the 
finished pavement (see Design Example B in Ihe text). 

Source. Adapted from The Asphalt Institute, Abphah Pavement Thickness, and Design, IS- 18 1 , November 
1981. 



1 Classify the Traffic: A rural minor col- 
lector road is expected to average 1 
heavy trucks per day over a 20-year 
design period. The total number of 
heavy trucks will be 10 x 365 x 20 = 
73,000. Traffic Class III is indicated 
(Table 820-12). 

2 Classify the Subgrade: From past 
experience and C8R test data, the 
subgrade is expected to have a CBR 
between 8 and 10. A medium sub- 
grade soil classification is indicated 
(Table 820-13). Confirm the findings 
with an engineering study. 

3 Determine the Optimum Asphalt 
Concrete Specifications: Two alterna- 
tive pavements are considered: full- 
depth asphalt concrete (Table 820- 
15) and asphalt concrete over a 150- 
mm (6-in) untreated aggregate base 
(Table 820-17) 

4 Determine the Thickness: The final 
thicknesses for each pavement type 
are computed below: 

Asphalt i 



Pavement 
layer 


Full-depth 
design 


on untreated 
aggregate base 


Asphalt 

concrete 

surface 


40 mm 
(1.5 in) 


40 mm 
(1.5 in) 


Asphalt 

concrete 

base 


85 mm 
(3.5 in) 


60 mm 
(2.5 in) 


Untreated 
aggregate 
base 




150 mm 
(6.0 in) 


Total 
thickness 


125 mm 
(5.0 in) 


250 mm 
(10.0 in) 



Example B: (interpolation between traf- 
fic classifications): 

1 Classify the Traffic: A minor arterial 
street is estimated to average 70 
heavy trucks per day over a 20-year 
period. The total number of heavy 
trucks will be 70 x 365 x 20 = 
511,000. This falls between Traffic 
Classes III and IV (Table 820-12). 

2. Classify the Subgrade: Old soil-test 
records indicate that the design CBR 
value in the area was 7. This falls in 
the medium subgrade soil classifica- 
tion (Table 820-13). Confirm the 
findings with an engineering study. 

3 Determine the Optimum Asphalt 
Concrete Specifications: Full-depth 
asphalt concrete has been selected 
for the pavement structure (Table 
820-15). 
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4. Determine the Thickness: Because 
the total number of heavy trucks 
(511,000) falls between Traffic 
Classes III and IV, a total thickness 
between 125 mm (5.0 in) and 200 
mm (8.0 in) must be determined by 
interpolation. 

Interpolation (from Table 820-17): 

Traffic Class IV = 200 mm (8.0 in) total 
thickness 

Traffic Class III > 125 mm (5 in) total 
thickness 

Difference = 75 mm (3.0 in) 

Let x equal that amount of thickness 
needed to be added to 125 mm (5 in) to 
produce a total adequate thickness for 
511,000 trucks, The number 511,000 falls 
between 150,000 (Class III) and 700,000 
(Class IV). Thus, 

x _ 511,000-150,00 
75 700.000-150,000 

x _ 361 ,000 
75~ 550,000 

k = 50 mm (2.0 in) 

Therefore, the total design thickness 
necessary will be: 

50 mm (2.0 in) + 125 mm (5 in) - 1 75 
mm (7.0 in) 

This additional thickness should be 
added to the asphalt concrete base course 
rather than in the surface course. The 
thickness of the asphalt concrete surface 
course in cases of interpolation between 
traffic classifications should be the thicker 
value of the two traffic classes (i.e., 50 mm 
instead of 40 mm in Table 820-15), In the 
case of interpolation for the design of 
pavements on aggregate subbase, the 
thickness of the aggregate should also be 
the thicker value of the two traffic classes. 

Final thickness design: Therefore, the 
thickness design should be: 

Asphalt concrete surface = 50 mm 
(2.0 in) 

Asphalt concrete base =125 mm (5.0 in) 

Total thickness = 175 mm (7 in) 

62 Driveways and Parking Areas 

Dolly wheels of a parked truck trailer will 
indent asphalt surfaces unless planks are 
placed under each wheel or a concrete pad 
installed. 



Table 820-13. SUBCRADE CLASSIFICATIONS FOR ROADS 




Subgrade class CBB't «1P« (pii)'t R-iiaJue-f Remarks 

Poor 3 30 (4500] 6 Poor subgrade soils become quite 

soft and plastic when wet. 
Included are those soils having 
appreciable amounts of clay 
and fine sill. The coarser silts 
and sandy loams also may 
exhibit poor bearing properties 
in areas where frost 
penetration into the subgrade 
is a factor. 

Medium 8 80(12,000) 20 Medium subgrade soils retain a 

moderate degree of firmness 
under adverse moisture 
conditions. Included are such 
soils as loams, silty sands, and 
sand gravels containing 
moderate amounts of clay and 
fine silt. 

Good to 17 170(25,000) 43 Good subgrade soils retain a 

excellent substantial amount of their 

load-supporting capacity when 
wet. Included are the clean 
sands and sand gravels and 
soils free of detrimental 
amounts of plastic materials. 
Excellent subgrade soils are 
unaffected by moisture or 
frost. They include clean and 
sharp sands and gravels, 
particularly those that are well- 
graded. 

* The following are specifications for the soil-testing procedures used. California Bearing Ratio (CBR): 
ASTM Method D 1883 IAASHTO Method T 193), compact samples ac cording to ASTM Method D 1SS 
T (AASHTO Method T 180), Method B or D. Resistance value (R-value): ASTM Method D 2844 (AASHTO 
Method T 190), Resilient modulus: approximately computed from CBR by equation 

Mr(MPa) - 10.342 CBR or 
Mr(psi) - 1500 CBR 

or from R value by equation 

Mr(MPa) = 7.963 + 3,826 (R-value) or 
Mr(psi) - 1155 + 555 (R-value) 

Resilient modulus is approximated by tnese equations when the expected figure is 207 MPa (30,000 psi) 
or less. Such an approximation is useful in soils classified as CL, CH, ML, SC. SM, and SP (Unified Soil 
Classification, ASTM D 2487). With other soils, resilient modulus needs to be determined by laboratory 
testing. The resilient modulus used here and Ihese approximations are not the same as the dynamic 
modulus test now being used by some agencies. The latter lends to give lower Mr results. For a more 
complete discussion, consult with a civil engineer or refer to the Asphalt Institute's Soils Manual (M5- 
10), 

t The designer is cautioned to determine that estimated soil strength is accurate and conforms lo the 
above specifications before utilizing the table. 

Source: Adapted from The Asphalt Institute, Asphalt Pavement Thickness and Design, IS-181, November 
1981. 
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Table 830-14. UNTREATED AGGREGATE BASE AND SUBBASE QUALITY 
REQUIREMENTS FOR ASPHALT ROADS*t 



Test requirements t 



Test 



C8R, minimum or 


20 


80 


fi-value, minimum 


55 


78 


Liquid limit, maximum 


25 


25 


Plasticity index, maximum, or 


6 


Nonplaslic 


Sand equivalent, minimum 


25 


35 


Passing No. 200 sieve, maximum 


12 


7 



•All bases and subcases should be compacted at optimum moisture content, plus or minus 1.5 per- 
centage points, to achieve a minimum of 100% maximum laboratory density as established by A5TM 
Method Test 1 557, Method D (or AASHTO Method T 1 80). 

t These requirements apply to all untreated aggregate used in this pavement design. Such aggregate 
should comply with Graded Aggregate Material for Bases or Subbase for Highways and Airports, ASTM 
specification D2940. 

t The upper 6 in (1 50 mm) of untreated aggregate should meet the requirements for base material Mate- 
rial below this may meet subbase requirements. 

Source: Adapted from The Asphalt Institute, Asphalt Pavement Thickness and Design, IS-1R1 , November 
1981. 



Table 820-15. ASPHALT CONCRETE THICKNESS FOR ROADS — 
FULL DEPTH DESIGN'*' 



class" 1 


Pavement section 






H concrete, in 


(mm) 


Poor 


Asphalt concrete surface 


1.0 (25) 


1.0 (2S3 


1. 5 (40) 


2.0 (50) 




Asphalt concrete base 


3.5 (85) 


4.0 (95) 


5.5 (140) 


8.0 (205) 




Total: 


4.5(110) 


5.0(120) 


7.0(180) 


10,0(2551 


Medium 


Asphalt concrete surface' 


1.0 (25) 


1.0 (25) 


1.5 (40) 


2.0 (50) 




Asphalt concrete base 


3.0 (75) 


3.0 (75) 


3.5 (85) 


6.0(1551 




Total: 


4.0(100)» 


4.0(100)« 


5.0(125) 


8.0 (205) 


Good to 








excellent 


Asphalt concrete surface' 


1.0 {25) 


1.0 (25) 


1.5 (40) 


2.0 (50) 




Asphalt concrete base 


3.0 (75) 


3.0 (75) 


2.5 (60) 


4.0(105) 




Total: 


4.0 (100)' 


4.0(1 OOP 


4.0 (100P 


6.0(155) 



"Consult local standards and practices lor all pavements. Such specifications supercede those men- 
tioned here. 



h See Table 820-1 3 for typical asphalt mixtures. The thickness of any asphalt concrete layer should be at 
least twice either the nominal maximum size mix designation or the maximum particle size of the mix 
(whichever term is used) 

c Use full-depth pavements where highly frost-susceptible soils or heavy frost is not a problem. Other- 
wise, use asphalt concrete over an aggregate base. 

d See Table 820-13. 

'See Table 820-12. 

' Minimum recommended thickness of asphalt concrete surface. 
' Minimum recommended design. 

Source: Adapted from The Asphalt Institute, Asphalt Pavement Thickness and Deiign. 1S-181, November 
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Table 820-16. PAVEMENT THICKNESS FOR ROADS OVER POOR 

SUBCRADES — ASPHALT CONCRETE ON AGGREGATE 



Traffic classification' 



Pavement 
Aggregate 



I 


■1 


III 


IV 




Thickness in i 






1 fi DM 

I *U [A DJ 

2.5 (65) 
4.0(100) 
7.5(190) 


1.0 (25) 
3.0 (80) 
4.0(100) 
8.0 (205) 


1.5 (40) 
5.0(120) 
4.0 (100) 
10,5 (260) 


2.0 (50) 
8.0 (200) 
4.0 (100) 
14.0(350) 


1.0 (25) 
2.0 (55) 

. rt .11-, 

6.0 (150) 
9.0(230) 


1.0 (25) 
3.0 (75) 
6 1.150) 
10.0(250)' 


1.5 (40) 
4.5(120) 

t ft i i ml 

6.0 (150) 
12.0(310) 


2.0 (50) 
7.5 (190) 
6.0 (1 50) 
T5.5 (390) 


1.0 (25) 
2.0 ( so; 
8.0 (200) 


1.0 (25) 
3.0 (75) 
8.0 (200) 


1.5 (40) 
4.0(105) 
8.0 (200) 


2.0 (50) 
7.0(185) 

B n #*i r\ft \ 

tt 11 pKII 


11.0(2751' 


12.0(300)' 


13.5 (345) 


1 7.0 (435) 


1.0 (25) 
2.0 (50) 
10.0(250) 
13.0 (325)' 


1.0 (25) 
3.0 (75) 
10,0(250) 
14.0(350)' 


1.5 (40) 
3.5 (90) 
10.0 (250) 
15.0(3801 


2.0 (50) 
7.0(175) 
10.0(250) 
19.0 (475) 


1.0 (25) 
2.0 (50) 
12.0(300) 
15.0(375)' 


1.0 (25) 
3.0 (75) 
12.0 (100) 
16,0 (400)' 


1.5 (40) 
3.0 (85) 
12.0 (300) 
16.5 (425) 


2.0 (50) 
6.0(160) 
12.0(300) 
20,0(510) 


1.0 (25) 
2.0 (50) 
18.0 (450) 
21.0 (525)' 


1.0 (25) 
3.0 (75) 
18.0 (450) 
22.0(550)' 


1.5 (40) 
2.5 (60) 
18.0 (450) 
22.0 (550/ 


2.0 (50) 
5.5 (135) 
18.(1(450) 
25.5 (635) 



4-in 

Asphall concrete surface 
Asphalt concrete base 
Untreated aggregate base' 

Total: 

6-in 

Asphalt concrete surface 
Asphall concrete base 
Untreated aggregate base' 
Total: 

8-in 

Asphalt concrete surface 
Asphall concrete base 
Untreated aggregate base' 
Total: 
10-in 

Asphalt concrete surface 
Asphalt concrete base 
Untreated aggregate base' 
Total: 
12-in 

Asphalt concrete surface 
Asphalt concrete base 
Untreated aggregate base' 
Total: 
1 8-in 

Asphalt concrete surface 
Asphalt concrete base 
Untreated aggregate base' 
Total: 



'See Table 820-12. 

b Depth of untreated aggregale base is dependent upon depth necessary to mitigate frost action. Local 
practice typically defines required depths. For aggregate bases greater than 18 in, consult with a civil 
engineer. 

' Refer to Table 820-1 1 for typical asphalt mixtures. The thickness of any asphalt concrete layer should 
be al least twice either the nominal maximum si/e mix designation or the maximum particle size (which- 
ever lerm is used). 

4 Consult local standards and practices for all pavements. Such specifications may supercede those men- 
tioned herein if they provide the same service life of these designs. 

' The lop 6 in of untreated aggregale should meet base course quality requirements. Subbase quality 
requirements may be used below 6 in. 

' Minimum thicknesses of asphalt concrete over untreated aggregate base and subbase apply to ihese 
designs as follows: for (raffle class I, 3.0 in (75 mm); for traffic class II. 4.0 in (100 mm); for traffic class III, 
4.0 in (100 mm); and for traffic class IV, 5.0 in (125 mm). 

Soorce: Adapted from The Asphalt Institute, Asphalt Pavement Thickness and Design, 15-181, November 
1981. 
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Table 820-17. PAVEMENT THICKNESS FOR ROADS OVER MEDIUM 
SUBGRADES — ASPHALT CONCRETE ON AGGREGATE 



Pavement lection/ various 




1 


II 


■II 


IV 






Thickness in 


inches (mm) 




4 in 

Asphall concrete surface 


1.0 


(25) 


1.0 (25) 


1.5 (40) 


2.0 (50) 


Asphall concrete base 


2.0 


(50) 


3.0 (75) 


2.5 (60) 


5.0(130) 


Untreated aggregate base' 


4.0 


(100) 


4.0 (100) 


4.0(100) 


4.0(100) 


Total: 

6 in 

Asphalt concrete surface 


7.0 


(175) 


8.0 (200)' 


8 1200)' 


1 1 (2801 


1.0 


(25) 


1.0 (25) 


1.5 (40) 


2 (50) 


Asphalt concrete base 


2.0 


(50) 


3.0 (75) 


2.5 (60) 


4.5(115) 


Untreated aggregate base' 


6.0 


(150) 


6.0(150) 


6.0(150) 


6.0(150) 


Total: 

8 In 

Asphalt concrete surface 


9.0 


(225)' 


10.0(250)' 


10.0 (250)' 


12.5 (315) 


t.O 


(25) 


1.0 (25) 


1.5 (40) 


2.0 (50) 


Asphalt concrete base 


2,0 


(50) 


3.0 (75) 


2.5 (60) 


4.0(110) 


Untreated aggregate base' 


6.0 


(200) 


8.0 (200) 


8.0 (200) 


B.O (200) 


Total: 


11.0 


(275)' 


1 2.0 (300)' 


12.0 (300)' 


14 (3601 


10 In 










Asphalt concrete surface 


1.0 


(25) 


1.0 (25) 


1.5 (40) 


2.0 (50) 


Asphall concrete base 


2.0 


(50) 


3.0 (75) 


2.5 (60) 


3.5 (95) 


Untreated aggregate base' 


10.0 ( 


;2S0) 


10.0 (250) 


10.0(250) 


10.0 (250) 


Total; 
12 in 

Asphall concrete surface 


13.01 


325)' 


14.0 (350)' 


14.0 (350)' 


15.5 (395) 


1.0 


(25) 


1.0 (25) 


1.5 (40) 


2.0 (50) 


Asphalt concrete base 


2,0 


(50) 


3.0 (75) 


2.5 (60) 


3.5 (90) 


Untreated aggregate base' 


12.0(300) 


12.0 (300) 


12.0(300) 


12.0 (300) 


lot.il: 


15.0 (375)' 


16.0 (400)' 


16.0 (400)' 


17.5 (440) 


18 in 








Asphalt concrele surface 


1.0 


(25) 


1.0 (25) 


1.5 (40) 


2.0 (50) 


Asphalt concrete base 


2.0 


(50) 


3.0 (75) 


2.5 (60) 


3.0 (85) 


Untreated aggregate base' 


18.0 (450) 


18.0(450) 


18.0 (450) 


18.0 (450) 


Total: 


21.0(525)' 


22.0 (550)' 


22.0 (550)' 


23.0 (585) 



'See Table 820-12. 



b Depth of untreated aggregate base is dependent upon depth necessary to mitigate frost action. Local 
practice typically defines required depth. I ur aggregate bases greater than 18 in, consult with a civil 
engineer. 

< Refer to Table 820-1 1 for typical asphall mixtures. The thickness of any asphalt concrete layer should 
be at feast twice either the nominal maximum size mix designation or the maximum particle size (which- 
ever term is used). 

d Consult local standards and practices for all pavements. Such specifications supercede those men- 
tioned here. 

* The top 6 in of untreated aggregate should meel base course quality requirements. Subbase quality 
requirements may be used below 6 in. 

1 Minimum recommended thicknesses of asphalt concrete over untreated aggregate base and subbase 
apply to these designs as follows: for traffic class I, 3.0 in (75 mm); for traffic class II, 4.0 in ( 100 mml: tor 
iraffic class III, 4.0 in 1 100 mm); and for traffic class IV, 5.0 in (125 mm). 

Source: Adapted from The Asphalt Institute. Asphalt Pavement Thicknea and Design. 1S- 181 , November 
1981. 
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PAVEMENT THICKNESS FOR ROADS OVER GOOD 
TO EXCELLENT SUBGRADES— ASPHALT CONCRETE 
ON AGGREGATE BASE'-"*" 

Traffic classification' 1 



section/various 
bass thicknesses 



Thickness in inches (mm) 



4 in 

Asphalt concrete surface 
Asphalt concrete base 
Untreated aggregate base 
Total: 

6 in 

Asphalt concrete surface 
Asphalt concrete base 
Untreated aggregate base 
Total: 

Sin 

Asphalt concrete surface 
Asphalt concrete base 
Untreated aggregate base 
Total: 
10 in 

Asphalt concrete surface 
Asphalt concrete base 
Untreated aggregate base 
Total: 
12 in 

Asphalt concrete surface 
Asphalt concrete base 
Untreated aggregate base 
Total: 
IB in 

Asphalt concrete surface 
Asphalt concrete base 
Untreated aggregate base 
Total: 



1.0 (25) 
2.0 (50) 
4.0(100) 
7.0(175)' 


1.0 (25) 
3.0 (75) 
4.0(100) 
8.0 (200)' 


1.5 (40) 
2.5 (60) 
4.0(100) 
8.0 (200)' 


2.0 (50) 
3.0 (75) 
4.0(100) 
9.0 (225)' 


1.0 (25) 
2.0 (50) 
6.0(150) 
9.0(225)' 


1.0 (25) 
3.0 (75) 
6.0 (150) 
1 0.0 (250)' 


1.5 (40) 
2.5 (60) 
6.0 (150) 
10.0 (250)' 


2.0 (50) 
3.0 (75) 
6.0 (T 50) 
1 1 (275)' 


1.0 (25) 
2.0 (50) 
8.0 (200) 
11.0 (275)' 


1.0 (25) 
3.0 (75) 
8.0 (200) 
12.0(100)' 


1.5 (40) 
2.5 (60) 
8.0 (200) 
12.0(100)' 


2.0 (50) 
3.0 (75) 
8.0 (200) 
13.0 (325)' 


1.0 (25) 
2.0 (50) 
10.0 (250) 
13.0 (325)' 


1.0 (25) 
3.0 (75) 
10.0 (250) 
14.0(350)' 


1.5 (40) 
2.5 (60) 
10.0(250) 
14.0 (350)' 


2.0 (50) 
3.0 (75) 
10.0(250) 

15.0 (375)' 


1.0 (25) 
2.0 (50) 
12.0(300) 
15.0(175)' 


1.0 (25) 
3.0 (75) 
12.0(300) 
16,0(400)' 


1.5 (40) 
2.5 (60) 
12.0(300) 
lb.0 (400)' 


2.0 (50) 
3.0 |75) 
12.0(300) 
17.0(425)' 


1.0 (25) 
2.0 (50) 
18.0(450) 
21.0(525)' 


1.0 (25) 
3.0 (75) 
18.0 (450) 
22.0(550)' 


1.5 (40) 
2.5 (60) 
18.0 (450) 
22.0 (550)' 


2.0 (50) 
3.0 (75) 
1B.0 (450) 
23.0 (575)' 



'See Table 820-12. 

: Depth of untreated aggregate base is dependent upon depth necessary to mitigate frost action. Local 
practice typically defines required depth. For aggregate bases greater than 18 in, consult with a civil 
engineer. 

' Refer to Table 820-11 for typical asphalt mixtures. The thickness of any asphalt concrete layer should 
be at least twice either the nominal maximum size mix designation or the maximum particle size (which- 
ever term is used). 

d Consult local standards and practices for alt pavements. Such specifications supercede those men 
tioned here. 

■ The top 6 in of untreated aggregate should meet base course quality requirements. Subbase quality 
requirements may be used below 6 in. 

' Minimum recommended thicknesses of asphalt concrete over untreated aggregate base and subbase 
apply to these designs as follows: tor traffic class I, 3.0 in (75 mm); for traffic class II. 4.0 in (100 mm); for 
traffic class III, 4.0 in (100 mm); and for traffic class IV, 5.0 in (125 mm). 

Source: Adapted from The Asphalt Institute, Asphalt Pavement Thickness and Design, IS- 181, November 
1981. 



Time-Saver Standards lor Landscape Architecture 



820-20 



1. Refer to Section 440: Surfacing and Paving for additional information on pavement design. 

2. The aggregate of pavement layers supports the loads imposed on It while the asphalt cement waterproofs and helps to bind every- 
thing together 

3. Precise thickness for paving surfaces, bases and subbases, should be based upon local practice and standards, wherever possible. 

4. Full-depth pavement design is commonly used in regions without frost, or on subgrades that are not susceptible to frost action. 
Aggregate 8ase design is most appropriate in regions of heavy frost, or on frost-susceptible subgrades. 

5. The use of a strong aggregate subbase to achieve desired pavement strength is recommended rather than thicker and/or more layers 
of asphalt concrete. 

6. Asphalt concrete pavements, properly constructed, typically require surface maintenance or resurfacing overlays about every 20 years 

7. Intensity of use, subgrade support, and pavement structure dictate the thickness of asphalt concrete pavements (see Thickness Design 
Procedure in Subsection 6.1 Roads). 

8. Bikepaths and walkways typically utilize a total asphalt concrete thickness of 75 to 100 mm (3 to 4 in) in a full-depth or untreated 
aggregate base design (Figure 820-5). 

9. Golf cart paths require a softer surface to minimize golf shoe spike wear. The surface course should be a sand-asphalt mixture with an 
asphalt content slightly higher than for normal highway paving, or an open-graded mix. 

10 Tennis courts require a sand-asphalt surface course or proprietary surfacing to maximize smoothness and minimize irregularities. 



Table 820-19. THICKNESS DESIGN FOR DRIVEWAYS AND PASSENGER CAR PARKING AREAS (NO TRUCKS) 



Soft day soils, Average clay Gravel or sandy 
plastic when loam soils, 

wet not plastic 




ASPHALT CONCRETE 
SURFACE COURSE 



ASPHALT CONCRETE 
BASE COURSE 



Surface course, in 
Base course, In 
Total thickness, in 



1 

4- 5f 

5- 6 



1 

3- 4t 

4- S 



1 

2- 31 

3- 4 



ASPHALT CONCRETE 
SURFACE COURSE 

ASPHALT CONCRETE 
INTERMEDIATE COURSE 

DENSE-GRADED 
CRUSHED STONE OH 
PROCESSED GRAVEL 



Surface course, in 
Intermediate course, in 
Gravel, in 
Total thickness, in 



1 

2 

6-8J 
9-11 



1 

2 

4-65 
7-9 



1 

2 

2-4S 

5-7 



SUBGRADE 



• See Table 820-6 for typical mixture specifications. The thickness of any asphalt concrete layer should be at least 
twice either the nominal maximum size mix designation or the maximum panicle size oi the mix. Local standards 
and practices supercede those mentioned here and should be consulted for all pavements. 

t Where ranges in asphalt concrete thicknesses are shown, consult local practice and standards for a precise value. 
II such knowledge is not available, assume the higher value and consult a civil engineer 

$ Utilize full-depth pavements where frost-susceptible soils or heavy frost is not a problem. 

i Aggregate base course depth varies depending on strength oi Mjbgrade «>il and depth ot frost. Check with local 

practices for safety and applicable standards 

Source: Adapted from The Asphalt Institute, The Asphalt Handbook, March 1970. 
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Table 820-19 can be used to determine 
pavement thickness for driveways and pas- 
senger car parking areas (no trucks), and 
Table 820-20 can be used to determine 
pavement thickness for heavy truck parking 
areas. For parking areas used by higher vol- 
umes of heavy trucks, such as truck stops 
or truck terminals, the design recommen- 
dations outlined in 6.1 Roads of this section 
can be used 

6.3 Bicycle, Pedestrian, and Golf 
Cart Paths 

Bikepaths and Walkways. These utilize a 
total asphalt concrete thickness of 75 to 
100 mm (3 to 4 in) in a full-depth or 
untreated aggregate base design (Figure 
820-5), Local practices should be followed 
where applicable. 

Golf Cart Paths. These require a softer 
surface to minimize golf shoe spike wear. 
Although the overall construction Is similar 
to bikepaths and walkways, the surface 
course should be a sand-asphalt mixture 
with an asphalt content slightly higher than 
for normal highway paving (Table 820-3). 



Alternatively, an open-graded mix may be 
used as a surface course. Local practices 
should be followed where applicable. 

6.4 Tennis Courts 

Tennis court surfaces require a high degree 
of smoothness with a maximum irregularity 
of 3 mm (1/8 in) over a 3-m (10-ft) dis- 
tance. This can be achieved with an asphalt 
concrete base of 20 mm (3/4 in) of nomi- 
nal maximum size designation covered 
either with sand-asphalt for the surface 
course or with proprietary surfacing (Figure 
820-6). The base course is 75 mm (3 in) 
and the surface course is 25 mm (1 in), cre- 
ating a minimal total thickness of 100 mm 
(4 in). For more specific thickness design 
information, especially under various soil 
and environmental conditions, refer to 
Table 820-19. If a proprietary mixture is 
used, follow the manufacturer's recom- 




M/4 - I \f2 IN 
ASPHALT CONCRETE SURFACE 
COURSE (3/0 OR l/Z IN NOMINAL 
MAXIMUM AGGREGATE SIZE) 

2U2-2VA IN. 
ASPHALT CONCRETE BASE 
COURSE (3/4 OR I IN NOMINAL 
MAXIMUM AGGREGATE SIZE) 

PREPARED SUBGRADE 



FULL DEPTH DE6IGN 




1 IN ASPHALT CONCRETE 
SURFACE C0URSE(J/B OR I/2 IN 
NOMINAL MAXIMUM AGGREGATE 

2 IN ASPHALT CONCRETE 
BASECOURSEO/4 - I IN 
NOMINAL MAXIMUM AGGREGATE 
SIZE) 

4-B IN UNTREATED 
AGGREGATE BASE (THICKNESS 
OEPENDS ON DEGREE OF FROST 
PROTECTION DESIRED 

PREPARED SUBGRADE 



AGGREGATE BASE DESIGN 



Figure 820-5. Typical design for walkways, bicycle trails, and golf cart paths. 

Coyf cart paths require a surface course of a sand-asphalt mixture with an asphalt content 
slightly higher than for normal roadway pavements. Refer to Table 820-6 for information 
on asphalt-concrete mixtures. 



Table 820-20. THICKNESS DESIGN FOR PARKING AREAS FOR HEAVY TRUCKS AND SERVICE STATIONS* 



clay 



Crave! or sandy 




ASPHALT CONCRET! 
SURFACE COURSE 

ASPHALT CONCRETE 
BASE COURSE 



Surface course, in 
Base course, in 
Total thickness, in 



1.5 
6-8* 
7.5-9.5 



1.5 
5-6* 

6.5-7.5 



1.5 
3-6* 
4.5-6.5 




ASPHALT C0NCRC11 
SURFACE COURSE 

ASPHALT CONCRETE 
INTERMEDIATE COURSE 

DENSE -GRADED 
CRUSHED STONE OR 
PROCESSED BRAVEl 



Surface course, in 
Intermediate course, in 
Gravel, in 
Total thickness, in 



1.5 
3 

6-101 
10.S-M.5 



1.5 
3 

5-81 

9.5-12.5 



1.5 
3 

3-61 

7.5-10.5 



• For areas affected by higher volumes of heavy trucks (such as terminals), the recommendations outlines in 6.1 of 
this section should be followed. 

1 See Table 820-6 for typical mixture specifications. The thickness of any asphalt concrete layer should be al least 
twice either the nominal maximum size mix designation or the maximum particle size of the mix. Local standards 
and practices supercede those mentioned here and should be consulted for all pavements. 

* Where ranges in asphalt concrete thicknesses are shown, consult local practice and standards for a precise value. 
If such knowledge is not available, assume the higher value and consult a civil engineer. 

} Utilize full-depth pavements where frost-susceptible soils or heavy frost is not a problem. 

•J Aggregate base course depth vanes depending on strength of subgrade soil and depth of frost. Check with local 
practices for safety and applicable standards. 

Source: Adapted from The Asphalt Institute, The Asphalt Handbook, March 1970. 
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- CLAY /ASPHALT/CONCRETE 
SURFACE COURSE 
(OR PROPRIETARY SURFACING) 



N FEATHERING 




asphalt concrete base 
course (3/4 in nominal 
maximum aggregate size) 

PREPARED 5UBGRADE — 



l/Z IN 

I IN 

REVEAL 



•— - PERIMETER EDGINO 
OF BRICK STEEL, 
CONCRETE, OR 
TREATED WOOD 



Figure 820-6, Tennis courts and 
perimeter edging. Consult manufactur- 
er's specifications for information on pave- 
ment construction and detailing when using 
proprietary surfaces. Refer to Table 820-6 
for information on asphalt-concrete mix- 
tures. Refer to Division 900: Details and 
Devices, for additional edging details. 



illlNIIIIIIUIE 




■ 1-2 IN 

ASPHALT CORK 
SURFACE COURSE 

ASPHALT CONCRETE 
BASE COURSE 

PREPARED SUBGRADE 



Figure 820-7. Typical asphalt cork sur- 
face course. Recreational asphalt pave- 
ment courses often consist of proprietary 
products. Consult manufacturer's specifica- 
tions for information on construction details. 




6 5" 




2 I/4R 



o 



2R X 




1/4-R 




Figure 820-8. Typical shape for 
asphalt curbs. 

mendation for the surface course and, if 
mentioned, for the base course as well 
Perimeter edging is usually necessary to 
prevent edge failures. 

If sand-asphalt is used, a latex paint of 
minimum thickness should be used no 
sooner than 30 days after construction. If a 
color finish has been applied, lines should 
be painted with a compatible material. 




1 Asphalt curbs should be back-tilled with a solid granular material or well-compacted 
soil and must be installed on top of a solid, impervious pavement that will not erode 
or fail (Figure 820-9). 

2. When using asphalt as an underlayment, the manufacturer's specifications for the 
surface product should be consulted to ascertain the strength of the material and 
thus determine the appropriate design. 

3 Over time, the pavement will weather to a grayish tone and may reveal the color of 
the aggregate. 

4. Only paints designed for use on asphalt pavements should be used. 

5. Asphalt block pavements with exposed colored aggregate are commercially available. 

6 Asphalt pavement can be recycled for use as base courses in pavement design by 
being ground into granular material. 



Traffic, oil, alkyd, or solvent-vehicle-type 
paints should not be used. 

6.5 Playgrounds and Recreational 
Areas 

Thickness designs for playgrounds and 
other recreational areas should be the same 
as those used for tennis courts (see Figure 
820-6). 

Asphalt concrete can serve as a base for 
proprietary products such as sealers, color 
coats, resilient surface coatings, and artifi- 
cial turf. The asphalt concrete base can be 
molded on a prepared subgrade to produce 
any desired gradient Erosional undermin- 
ing of pavement edges should be prevent- 
ed. If proprietary surfacing materials are 
used, consult the manufacturer's recom- 
mendations for pavement specifications. 

Combining a small percentage of cork 
with asphalt cement, sharp coarse sand, 
and limestone dust produces a resilient 
playground surface (Figure 820-7); the 
cork granules should have a maximum 
diameter size of 5 mm CA in). Other ingre- 
dients may also be used, such as vermi- 
culite and ground rubber from old tires. 
Many such surfaces are proprietary prod- 
ucts, and the manufacturer's specifications 
should be carefully followed 



7.0 MISCELLANEOUS 



7.1 Asphalt Curbs and Gutters 

Asphalt Curbs. These are available in 
various shapes (Figure 820-8). Although 
not affected by snow- and ice-melting 
chemicals, asphalt curbs can be sheared off 
or deformed when struck by heavy loads 
Curbs should be back-filled with a solid 
granular material or well-compacted soil. 
Asphalt curbs are set by a curbing machine 
at an average rate of 610 m (2000 ft) per 
day. They must be installed on top of a 
solid, impervious pavement that will not 
erode or fail (Figure 820-9). Curbs are 
made of specially proportioned asphalt- 
aggregate mixtures (Table 820-21). 

Asphalt concrete berms are an alterna- 
tive to asphalt curbs (Figure 820-10). 

Divisions 900: includes data on asphalt 
curb construction details. 

Asphalt Gutters. These can be formed 
in a variety of cross sections. They are 
placed mostly by hand or on occasion (for 
special large projects) by a small paving 
machine, specially adapted to fit a particu- 
lar job (Figure 820-11). 
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7.2 Asphalt Underlayments 

Asphalt concrete is often used as an under- 
layment for surface courses, including 
brick, stone block, and proprietary prod- 
ucts. In principle, the surface material can 
provide a good wearing surface but may or 
may not contribute to the overall pavement 
strength that is necessary to distribute the 
loads. The underlayment must therefore 
fulfill the remaining strength requirements. 
Consequently, the manufacturer's specifica- 
tions for the surface product should be con- 
sulted to ascertain the strength of the 
material and thus determine the appropri- 
ate design for an underlayment. 

7.3 Colored Asphalt Pavements 

Over time asphalt pavement will weather 
to a grayish tone and in some cases will 
reveal the color of the aggregate, especial- 
ly if these are large particles. Asphalt mix- 
tures with higher amounts of finer sand and 
filler produce darker-tones. The dark color 
helps hide grease drippings, accelerates 
melting of snow, and provides a good 
background for line striping 

Additional color can be added through 
a variety of methods. These include the fol- 
lowing: 

1. Paints and applied coatings are typi- 
cally used on tennis courts, pools, 
playgrounds, and bikeways. Only 
paints designed for use on asphalt 
pavements should be used. These 
are typically sprayed on. The paint 
and proprietary surface manufactur- 
er's recommendations should be fol- 
lowed. Oil-based paints should not 
be used. 



Table 820-21. CURB MIXTURE SPECIFICATION 




NON-PLASTIC /LOW-PLASTIC 
SOLID BACKFILL 

ASPHALT CURB 

TACK COAT <AS PER 
ENGINEERING 
SPECIF ICATIONS) 

ASPHALT SURFACE 
COURSE 

ASPHALT BASE 
COURSE 

SUGGRAOE 



Pasting, percent by weight ' -) 



19 mm in) 
12.5 mm (it in) 
4.75 mm (No. 4) 
2.36 mm (No. a) 
300 Mm (No. 50) 

75 (im(No. 200) 
Asphalt content: 
AC-20 (AR-BOIXI, 60-70 pen) 



11X1 

85-100 
65 80 
50-65 
1B-30 
S-15 

6.0-9.0 percent by weight of total mixt 



' Mineral aggregate should be crushed stone, crushed gravel, crushed slag, natural or manufactured sand, 
or a combination of these materials. At least 50% by weight of the combined aggregate, other than 
naturally occurring rough-textured aggregate, should consist of crushed pieces, 
t The asphalt content range includes a 0.5-1 .0% increase over surface paving mix of same gradation to 
facilitate compaction and increase durability . The upper limit may need to be raised when slag or other 
absorptive aggregates are used. 

$ Other gradings may be used if they have a history of satisfactory performance. Consult local standards 
and practices. 

Source: Adapted from The Asphalt Institute, Construction Specifications for tepball Curbs and Cutters. 
4th ed., SS-3, March 1978. 
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Figure 820-9. Typical bituminous 
curb and parking lot edge. 



Figure 820-10. Typical asphalt 
concrete berms. Widths, slopes, and 
overall dimensions vary. Increasing speeds 
and higher traffic volumes typically use 
wider berms and flatter slopes. 



Figure 820-11. Typical shapes of 
asphalt gutters. 
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2. Colored stone chips can be embed- 
ded in a single or a multiple surface 
treatment procedure. This procedure 
may require much handwork and 
should only be done by competent 
specialists. Precautionary measures 
are necessary to protect nearby 
objects from the splatter of the spray 
applicator. This method provides a 
very coarse surface texture. 

3. Asphalt concrete can be composed of 
selected colored aggregate and when 
the asphalt film wears off, there will 
be exposed the color of the aggre- 
gate. Smaller size stones [3/8 in (10 
mm}] are standard. 

4. Asphalt block pavements with exposed 
colored aggregate are commercially 
available. 

7.4 Recycled Asphalt Granular Base 
Courses 

Asphalt pavement can be recycled for use 
as base courses in pavement design. The 
used asphalt pavement is ground into gran- 
ular material by either an on-site grinder or 
at a recycling facility and trucked to the 
site. Its use is similar to crushed rock. 
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1.0 INTRODUCTION 



1.1 General 

Concrete is a mixture of aggregate, port- 
land cement, water, and sometimes special 
admixtures. Its most outstanding qualities 
are strength, durability, stability, availability, 
adaptability, and, in most cases, its relative- 
ly low cost in terms of construction and life- 
time maintenance. 

1.2 Properties of Concrete 

The properties of concrete are determined 
by any one of the following several factors: 

(1) the quality of all constituents, including 
the type of cement used, the soundness of 
the aggregates used, the relative propor- 
tion of coarse and fine aggregate, the ratio 
of water to cement, and the type and 
amount of any chemicals, admixtures, and 
other compounds added to the mix; and 

(2) the skills used in placing, consolidating, 
finishing, and curing the concrete 

Five major properties to consider when 
producing finished concrete are described 
below. 

Strength: 

Strength is usually the first consideration 
for all concrete's except for lightweight or 
insulating concretes. The relative strength 
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of concrete is a function of the type of 
cement and aggregate selected. Full 
strength is reached after about 28 days, 
however the strength may continue to 
increase past this date if sufficient moisture 
is available. 

Resistance to Freeze/Thaw and 
Deicing Chemicals: 

Resistance to freeze/thaw and deicing 
chemicals can be increased by the use of an 
air-entraining agent (i.e., an air-entraining 
admixture). Admixtures may reduce, or 
enhance somewhat, the potential strength 
of the concrete mix. (Refer to 5.0 
Admixtures for Concrete in this section for 
more information.) 

Resistance to Abrasion and Wear: 

Resistance to abrasion and wear can be 
increased if the concrete mix contains well- 
graded strong aggregate and is well-con- 
solidated when placed. For some purposes, 
special aggregate and finishes may be 
required. Finishing procedures are extreme- 
ly critical for achieving abrasion resistance. 

Reduction of Water Penetration: 

Reduction of water penetration can be 
achieved by four means: (1) by keeping the 
water/cement ratio to less than 0.50 by 
weight, (2) by carefully treating all joints 



1. Full strength of concrete is reached after about 28 days, however the strength may 
continue to increase past this age it sufficient moisture is available 

2. Resistance to abrasion and wear can be increased if the concrete mix contains well- 
graded strong aggregate and is well-consolidated when placed 

3. Reduction of water penetration can be achieved by four means: 

(a) by keeping the water/cement ratio to less than 0.50 by weight. 

(b) by carefully treating all joints and cracks to prevent leaks. 

(c) by adding chemicals and admixtures to the concrete mix to reduce 
water penetration. 

(d) by applying a waterproof surface seal or compound 

4. Control of the setting time for concrete is often needed to 

(a) reduce the setting time when temperatures are below freezing. 

(b) to increase the time for working concrete during very hot weather. 

(c) to control bleeding, or the movement of water to the surface of freshly 
placed concrete. 

5. Air-entrained concrete should be used under all conditions involving severe exposure 
to frost/thaw temperatures. 

6. Potable water is typically satisfactory for use in concrete Water containing sulfates, 
salts or deleterious substances should be avoided. 

7. Water to cement ratios should be selected on the basis of strength and workability 
requirements. Minimum cement content should not be less than 470 lb/yd 3 . 



and cracks to prevent leaks, (3) by adding 
chemicals and admixtures to the concrete 
mix to reduce water penetration, and (4) by 
applying a waterproof surface seal or com- 
pound. Adding certain chemicals and 
admixtures to reduce water penetration 
often requires adding more mixing water, 
which may increase the permeability of the 
concrete. 

Control of Setting Time for Concrete: 

Control of the setting time for concrete is 
often needed in order to (1) reduce the set- 
ting time when temperatures are low 
enough to cause the water in the mix to 
freeze, (2) to increase the time for working 
concrete during very hot weather, and (3) 
to control bleeding, or the movement of 
water to the surface of freshly placed con- 
crete. Also, normal bleeding will be a prob- 
lem if finishing (floating, troweling, etc.) is 
performed while bleed water is on the sur- 
face 

1.3 Methods of Placement 

Three basic methods for placing concrete 
include: 

1. Formed and molded (cast in place 
or precast) 

2. Sprayed or air- blown (shotcrete) 

3. Mixed in place (such as soil cement or 
dry-casting) 

The most common technique for place- 
ment is the formed and molded method. 
The other methods offer distinct advan- 
tages only in certain situations. 

Sprayed concrete can be applied to very 
complex horizontal and vertical surfaces, 
including hyperbolic forms. It can also be 
applied in relatively thin cross sections and 
will attain a very high density and strength. 
Sprayed concrete is widely used for con- 
structing swimming pools and other sculp- 
tured elements within the landscape and 
for repairing deteriorating structures. 

Mixed-in-place or soil concrete has been 
used for a long time to create low-cost sta- 
bilized surfaces. This typically involves mix- 
ing dry cement into the existing soil or sur- 
face materials, adding water, and then 
remixing and compacting. 

This section covers only formed and 
molded concrete in detail. 

1.4 Types of Concrete 

There are many types of concrete that can 
be mixed for various applications. The most 
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frequently used types and their common 
uses are listed in Table 830-1 



2.0 CEMENT 



2.1 Properties of Cement 

Process of Hydration: 

When cements are mixed with water, a 
chemical reaction called hydration occurs 
which results in hardening of the cement 
paste. 

Hear of Hydration: 

Heat Is released during the hydration 
process between the cement and water. 
The amount of heat released increases with 
the type of cement, the mass of the con- 
crete, and/or higher ambient temperatures. 
Heat should be retained in cold weather 
and dissipated in hot weather to maintain 
ideal curing temperatures. 

2.2 Types of Cement 

All portland cements are made from lime, 
silica, alumina, and gypsum Gypsum is 
used to slow the setting time of the con- 
crete. Five major types of portland cement 
are commonly used and classified both in 
the United States and Canada. In the 
United States, all cement should meet the 
American Society for Testing and Materials 
(ASTM) standards for portland cement, and 
in Canada the cements should meet the 
Canadian Standards Association (CSA) 
standards. These are listed and briefly 
described in Table 830-2. Additional types 
of cement are specially formulated for cer- 
tain purposes. 



3.0 AGGREGATE FOR CONCRETE 



The aggregate used to make concrete per- 
forms several different functions It typically 
constitutes 60 to 75 percent of the volume 
of most types of normal concrete. The most 
common types of aggregate used in making 
concrete are sand, gravel, and crushed 
stone. Aggregate is classified as fine if the 
particles are smaller than 5 mm (1/4 in), or 
coarse if larger than 5 mm (1/4 in) in diam- 
eter. Both the quality and the cost of the 
concrete are affected by the type of aggre- 
gate used in the mixture. Often, the choice 
of an aggregate is based on its local avail- 
ability. This can give a special indigenous 
quality to the concrete mix if the aggregate 
is exposed in the final finishing process. 

3.1 Types of Aggregate 

Various types of igneous, sedimentary, and 
metamorphic aggregate are used in con- 



Table 830-1. TYPES OF CONCRETE 



Type 



Description 



Typital Uses 



Normal weight 

I ighlweight -Structural 

Lightweight Insulating 

Heavyweight 

t i-llul.e 

Gap-graded 



Shntcrete or gunite 

Preplared 

Pumped 
Ferrocement 

Fiber 
Nailing 



Weight of r o.irse aggregate used 
determines type; weight ul 
.iggreg.it.-: Ml IfiS lb/ft J 

Weight ot coarK aggregate used 
determines type; weight of 
aggregate: 85-1 15 Ib/t'l 1 

Weight nl coarse aggregate used 
determines type; weight of 
aggregate: 1 5 90 lb/ft' 

Weight of coarse aggregate 
determines lype; weight ot 
aggregate: 110 290 lb/11 ' 

Air or gas hubbies, suspended 
in mortar, characterize type; 
small amounts or no < oarse 
aggregate provided 

Omission ot intermediate sizes 
of coarse aggregate 
characterizes type 



Method oi placement 

characterizes type, pneumatic 
equipment, using dry or wet 
method employed 

Method of Plac ement 
characterizes type; coarse 
aggregate is placed dry, then 
mortar is pumped into it 

Method of conveying plastic 
concrete for placement 
characterizes lype 

Mix, method of placement, and 
reinforcement provided 
characterize type; mortar with 
large amount nl light gauge 
reinforcing is used 

Addition of short fibers to mix 
characterizes type; where 
prevention of cracking is 
important; e.g., in highways 
and bridges, especially for 
pavement overlays 

Nail-holding strength 
characterizes type; has high 
insulating value 



Loadbearing and exterior walls, 

structural Honrs, prestressec! 

concrete 
Partitions and panel walls, 

decks, casing ot stru< lural 

steel, roof fill 
Walls of spaces containing 

radioactive materials; 

sumelimes as counter* eight 
Where top insulating properties 

are required 



Where aggregate is to be 
exposed; as insulating 
c oncrete, especially when 
lightweight aggregate and/or 
sand is not available or 
desirable; as inexpensive 
concrete for foundations 

Wherever conslruction without 
formwork is very desirable, 
as in complex forms {shells, 
domes, swimming poolsl 

Special forms and surfaces; 
e.g., exposed aggregate 
finishes on c.ast-in-place 
concrete columns 

When concrete is lo be placed 
high ahove grade or in 
formwork ot complex shape 

Containers; e.g., bins, boat 
hulls, and other thin, 
complex shapes 



Source. Sweet's Selection Data; Cement and Concrete. McGraw Hill. New York. 



Table 830-2. APPROXIMATE RELATIVE STRENGTH OF CONCRETE AS 
AFFECTED BY TYPE OF CEMENT 



Type of Portland Cement 



r 



Compression Strength; Percent of Strength of Type I 
or Normal Portland Cement Concrete 



ASTM 


CSA 


1 Day 


7 Days 


28 Days 


3 Months 


1 


Normal 


too 


100 


100 


1 00 


II 


Moderate 


75 


85 


9(1 


TOO 


III 


High-early-strength 


190 


120 


1 10 


100 


IV 


tow-heat 


55 


55 


75 


11)0 


V 


Sulfate-resisling 


b5 


75 


85 


tqp 



Source Portland Cement Association. Design <?nd Contra/ oi Concrete Mixtures, 11th ed , Skokie, III.. 
196B. 
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crete construction, depending on availabili- 
ty and intended use. (Refer to Section 810: 
Soils and Aggregates, for a general discus- 
sion of aggregate.) 

3.2 Selection of Aggregate 

Selection of an aggregate should be based 
on the following criteria: 

1 . Resistance to abrasion if in a wearing 
surface 

2. Performance record under conditions 
of similar use 

3. Resistance to pop-outs or spalls caused 
by freezing or chemicals 

4. Range of aggregate sizes needed for 
the required mix 

5. Unit weight of the aggregate when 
used for lightweight concrete on 
rooftop gardens, plazas, decks, etc. 

In addition, both the size and shape of 
the aggregate used in a concrete mixture 
are major variables affecting concrete prop- 
erties. The following rules of thumb should 
be considered: 

1 . The size of aggregate should not 
exceed: (a) one-fifth the dimension of 
nonreinforced elements, (b) three- 
fourths the clear spacing between 
reinforcing bars and/or forms, and (c) 
one-third the depth of slabs. Use of 
the largest-size aggregate practical 
will generally reduce shrinkage and 
cracking of concrete. 

2. Use of a proper mix of both large 
(coarse) and small (fine) aggregates 
will reduce the amount of necessary 
water in the mix. 



Table 830-3. TYPES OF ADMIXTURES 



Typej 



Air-entraining Improve'. the concretes resistance lo freeze and th.iw damage as well a* to 

staling due to deicing chemicals. 
Water-reducing Reduces the amount oi water required tor a given consistency of mix. and 

may after t the setting lime. Some will increase drying shrinkage. May 

entrain some air. 

Set-acteleratinR Used lo accelerate ihe set of concrete resulting in higher early Strength. 

Some will increase dry shrinkage of the concrete during curing. 
Set-relardmg Used to decelerate the set of concrete which results in lower early 

strength. 

Poz/ofans Used to reduce the amount of cement rpquired m a rone rele mix 

Improves workability. Strength is enhanced at laterals; heat or 
hydration is reduced. 

Supecplasticizers Allows use of a much lower water lo cement ratio in a concrete mixture 
Can produce a more flowable concrete so that it ran be pumped to the 
area 01 pla< emenl 



Rough angular-shaped aggregate 
(such as crushed stone) will provide a 
better bond for the cement paste. 
Rough angular aggregates will not 
however necessarily result in a con- 
crete of greater tensile and compres- 
sive strength than smooth, rounded 
aggregate (e.g., pebbles) because the 
angular aggregate requires more 
water in concrete and thereby some- 
what reduces the ultimate strength of 
the concrete. 

Elongated or flat aggregate should be 
avoided or limited to no more than 15 
percent of the total aggregate by 
weight. 



ate for Concrete 



1 . The choice of an aggregate is usually based on its local availability This can give a 
special indigenous quality to the concrete mix if the aggregate is exposed in the final 
finishing process. 

2. The size of aggregate should not exceed: 

(a) one-fifth the dimension of nonreinforced elements. 

(b) three-fourths the clear spacing between reinforcing bars and/or forms 

(c) one-third the depth of slabs. Use of the largest-size aggregate practical will 
generally reduce shrinkage and cracking of concrete. 



. Use of a proper mix of both large (coarse) and small (fine) aggregates will reduce 
the amount of necessary water in the mix. 

. Rough angular-shaped aggregate (such as crushed stone) will provide a better bond 
for the cement paste. Rough angular aggregates will not however necessarily result 
in a concrete of greater tensile and compressive strength 

. Elongated or flat aggregate should be avoided or limited to no more than 15 percent 
of the total aggregate by weight. 



4.0 ADMIXTURES FOR CONCRETE 



4.1 Purposes of Admixtures 

All substances that are added before or 
during the mixing of the concrete are 
referred to as admixtures. They are used to 
enhance one or more properties of the 
resulting concrete. Admixtures are often 
used for the following reasons: 

1. To improve the workability of the 
concrete mixture by minimizing the 
separation of coarse and fine aggre- 
gate while it is being cast and/or 
worked 

2. To reduce the water requirement of 
concrete significantly and thereby 
increase its strength 

3. To entrain air in the mixture and 
thereby improve the concrete's dura- 
bility and resistance to freeze/thaw 
damage, and its resistance to scaling 
caused by deicing chemicals 

4. To accelerate or retard the hardening 
or setting of concrete 

5. To increase the flowability of concrete 
to aid in placement 

4.2 Selection Criteria for Admixtures 

Before specifying an admixture, it must be 
determined: 

1) whether the admixture will be com- 
patible with the cement, aggregate, 
and any other admixtures that may 
be used. 



2) whether the 
workability, 



admixture will affect the 
setting time, shrinkage, 
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strength, and/or permeability of the con- 
crete. 

3) whether the admixture will actually 
produce the desired results. 

4.3 Types of Admixtures 

Some of the more-common types of admix- 
tures used in concrete and their effect on 
the concrete are listed in Table 830-3. 



5.0 WATER 



5.1 Water Quality 

The water used to make concrete should be 
clean and free of oils, alkali's, acids, organ- 
ic materials, and other deleterious sub- 
stances. Water containing high concentra- 
tions of sulfates or salts should also be 
avoided. Potable water is typically satisfac- 
tory for use in concrete. 

5.2 Water Quantity 

The quantity of water needed for a mixture 
is always measured in relative proportion to 
the amount of cement used. An increase in 
the amount of water to cement will always 
result in concrete with less strength. For 
protection against frost damage, air 
entrained concrete should have a maxi- 
mum water to cement ratio of 45. For 
protection of reinforcing steel against cor- 
rosion, the water to cement ratio should be 
no more than 0.40. 



6.0 PREPARATION AND 

PLACEMENT OF CONCRETE 



6.1 Mixing Testing and Site 
Preparation for Concrete 

Mixing Concrete: 

If ready-mixed concrete is available from 
local suppliers, then on-site mixing is sel- 
dom justified except on exceptionally large 
projects. Ready-mixed concrete should be 



delivered and placed within 90 minutes 
after cement has been added to the mix- 
ture. If concrete is less than 90 minutes old 
and has started to stiffen or dry out before 
it has been placed, it may still be used but 
only if it can be completely consolidated 
into forms. Adding water to the concrete to 
make the mixture more workable (retem- 
pering) is not considered ideal, but ASTM 
C94 (standard for ready-mixed concrete) 
does allow one retempering to bring the 
mix up to design slump requirements. 

Testing Concrete: 

A number of control tests are performed on 
concrete by inspection personnel, some of 
which are conducted while the concrete is 
fresh, and others while the concrete is in a 
hardened state Some government author- 
ities require certification by inspection per- 
sonnel. Three common tests are the slump, 
air content, and cylinder tests. 

Slump Test: The slump test determines 
the relative consistency among batches of 
concrete of the same design by measuring 
the amount of slump for a given-size cone 
of concrete (Figure 830-1 and Table 830- 
4). Changes in slump typically reflect 
changes in the amount of water in the mix, 
but they may also indicate changes in air 
content, sand content, aggregate grada- 
tion, temperature or hydration, and setting. 

Air Contest Test: The air-content test 
determines the air entrapment at the time 
of use, thereby allowing an opportunity to 
adjust the mixture, if necessary, by adding 
more air entraining agent An insufficient 
amount of air results in a concrete with poor 
resistance to freeze/thaw damage, and too 
much air results in a lower- strength con- 
crete The air content should be 5-8% to 
protect concrete frost and deicer damage 

Cylinder Test: The cylinder test is used to 
determine the compressive strength of cured 
concrete (Figure 830-2). This test involves 




Figure 830-1. Slump test (ASTM 
C143). Slump cones are made of metal 
and are 12 in. high, with a 4-in. -diameter 
opening at the top and a 8-in. -diameter 
opening at the bottom. The cone is filled 
with concrete in three layers of equal vol- 
ume, and each layer is rodded 25 times 
with a steel tamping rod. After the cone is 
filled and the top surface is smoothed, the 
slump cone is slowly lifted vertically and 
the subsidence (slump) is measured. 



Table 830-4. RECOMMENDED SLUMPS FOR VARIOUS TYPES OF 
CONCRETE CONSTRUCTION 



Slump, in 



Concrete Construction 



Maximum" 



Rem inn erl inundation walls and footings 


I 


T 


Plain toolings, caissons, and substructure walls 


1 


1 


Beams and reinforced walls 


4 


1 


Building columns 


4 


1 


Pavements and slabs 


1 


1 


Mass concrete 


2 


1 



' May bp increased I in fur i nnsohdalirm by hand methods such as rodding and spading. 

lource: C. G. Ramsey and M R. Sleeper, AnhriMural Lrapntt Standards, <Mh ed. . lohn K. Hoke led I. 

Wiley, New York, I 'I'M. 




Figure 830-2. Cylinder test (ASTM 
C31). Cardboard or steel molds are filled 
with fresh concrete in three equal layers, and 
each layer is rodded 25 fames with a 
diameter tamping rod. Cylinders are lazeled 
and covered with a plate or plastic bag. 
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Table 830-5. TYPES AND USES OF FORMWORK 



Type 



Lumber 



IMywood 

Hardboard 

Steel 



Muminum 
fiberglass 

I aminaled fiber 



Corrugated p.ippr 
Metal decks 



Form framing, (orm facing, shoring 
and brat ing. edge forms 
[columns, beams, etc.) 

form facing 

Form facing 

form framing, form Fating shoring 
and bracing, prefabricated 
forms, edge forms {columns, 
beams, etc.) 

Form framing, form facing. edRe 
forms Icolumns, beams, etc) 

Form facing, form liners, 
prefabric ated forms 

Column forms, voids in concrete 



Voids in slabs 

floor framing, roof framing 



Patented prefabricated forms 
available, suc h as waffle slabs, 
joists, columns 

I ight weight; facilitates handling 

May be bonded to plywood or other 

form facings for a smoother 

patterned surface 
Created to reduce weight of structure 

and provide (Mssage for dui (work, 

raceways, etc. 
See note 

May provide raceways for power and 
telephone, may be selet led lor 
i omposile action with ronrrete 



Mole form liners (I) sandblasted Douglas fir or long-leal yellow pine dressed one side aw.iv Irom the 
concrete surface; (2) flexible steel strip formwork adapted to i urberi surtai es (Si hwellmer System); ill 
resin-coaled, striated, or sandblasted plywood; 141 rubber mats; (5) thermoplastic sheets with high glass 
or lexlure laid over stone, lor example; (hi formed plastics. (71 plaster oi Pans molds lor sculptured work. 
(H| clay (stulplurmg anil siaming concrete); 19) hardboard Iscreen sidel; (1(1) standard steel forms, (111 
wood boarding arid reversed ball ens, 1 1 Ji square-edged lumber dressed on one side; (13) resawn wimkI 
boards Release agents; (I) oils, petroleum-based, used on wood, concrete, and steel forms; 12) soft 
scrubs; Hi laic urn; id) whitewash used mi wnr id Willi tannin in i uri|um fmu wilh oils. (SI calcium stearale 
powder, |ti) silicones used on steel lorms. (7) plastics used on wood forms, (8) lacquers used on plywood 
and plaster lorms; (9.1 resins used on plywood forms, (101 sodium silicale; (1 1] membrane used river any 
form, (12) grease used on plasler forms. ( 1 3) epoJsy resin plastic used on plywuod. 
Source Adapted Irom Sweet's Selection Qua: Cement and Concrete, McGraw-Hill, New York ; also 
C. G. Ramsey and 11. R. Sleeper, Arc hilecfura/ Graphic Standards. ')th ed.. John R. I loke (ed.i. Wiley. 
New York, 1194. 




putting concrete into a cylindrical mold 152 
mm (6 in) in diameter and 300 mm (12 in) 
high. After the concrete has cured, the con- 
crete cylinder is prepared and put into a spe- 
cial testing machine and subjected to 
increasing pressure until it fails. The point of 
failure is recorded as the concrete's strength 
in megapascals or pounds per square inch . 
Typically, cylinder tests are conducted at 7 
days and 28 days following placement. 

Site Preparation for Use of Concrete: 

Except in extremely dry, very stable soils, 
most landscape-related uses of concrete 
require construction of an appropriate 
granular subbase over a prepared (com- 
pacted) subgrade Construction details 
involving the use of concrete are shown in 
several sections of this handbook, including 
Division 900: Details and Devices. 

The subgrade should be uniformly com- 
pacted, moist, and tree of organic matter and 
expansive clays. Soft or muddy areas should 
be excavated, filled with soil similar to the 
abutting subgrade (or with a granular mate- 
rial such as sand, gravel, or crushed stone) 
and then compacted to the required density. 

The subbase material between the sub- 
grade and the concrete can be composed 
of a variety of granular materials as long as 
it is free-draining, durable, and capable of 
being compacted (Refer to Section 810: 
Soils and Aggregates, for more information 
on soils and the use of various types of 
aggregate in landscape construction.) 

6.2 Formwork for Concrete 

Basic Function: 

Formwork for concrete provides a contain- 
er and supports the concrete when it is 
being placed and while it is setting 
Typically, a designer will determine the con- 
figuration of a completed work, while a 
contractor or builder will be responsible for 
the actual strength design of the forms. 

Formwork may be used only once or 
reused many times, depending on the type 
of formwork. In some cases the formwork 
is left in place as either a concealed or 
exposed part of the final design, referred to 
as a deadform). Table 830-5 describes 
types and uses of formwork . 

Curved formwork for the construction of 
walks, drives, walls, etc., can be made from 
thin plywood [6 to 13 mm (1/4 to 1/2 in)], 
hardboard. sheet metal, or thicker lumber 
that is saw-kerfed (Figure 830-3). 

Slip forms are used where continuous 
placing is an advantage, especially for 



Time-Saver Standards for Landscape Architecture 



-*-<> 



y* GRADE 




horizontal strip 

RUSTICATION STRIPS 



Figure 830-4. Exposed concrete with 
rustication strips. Tie holes should be 
placed in a systematic pattern for aesthetic 
reasons. 

LOAD 
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1. Ready-mixed concrete should be delivered and placed within 90 minutes after 
cement has been added to the mixture. 

2 Adding water to the concrete to make the mixture more workable (retempering) is 
not considered ideal, but ASTM C94 (standard for ready-mixed concrete) does allow 
one retempering to bring the mix up to design slump requirements. 

3. Steel bars and welded wire fabric provide reinforcement for concrete structures and 
slabs. Tensile strength required will determine the size of bar or wire designated 
(Table 830-6). 

4. Plastic, glass and steel fibers can be added to a concrete mix prior to pouring to create 
three-dimensional secondary reinforcement and to act as moderate inhibitors of cracks. 

5. Prior to pouring, the subgrade and all forms must be moistened to prevent extrac- 
tion of water from the concrete. Forms should also be treated with a nonstaming 
release agent for easier removal. 

6. In slab construction, the placement of fresh concrete should begin along the perime- 
ter of one end, with each successive batch placed against previously placed concrete. 

7. In wall construction, the placement should begin at both ends and then progress 
from each end toward the center. The concrete should be placed in horizontal layers 
of uniform thickness, with each layer thoroughly consolidated before placement of 
the next layer 

8. Concrete should not be moved into position horizontally, for segregation between 
the mortar and coarse aggregate will result. 

9. Concrete mixes (slumps) that will be consolidated by vibration should be consider- 
ably stiffer than those intended for consolidation by hand tools. The proportion of 
fine aggregate used in a concrete mix can also be reduced significantly if vibrators 
are used. 
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Figure 830-6. Reinforcing bars. 



Figure 830-7. Reinforcing bar identification. 
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Table 830-6. ASTM STANDARD REINFORCEiNC BARS SIZES — 
NOMINAL DIAMETER 

Cross-Sectional 
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SourceC G. Ramsey and H. R. Sleeper. Architectural CtapkK Standards. 9th ed . |ohn R I Inkr 
Wiley. New York. 1 994, 



Slip forms are used where continuous 
placing is an advantage, especially for 
paving, curb and gutter operations. 

Pattern Making: 

Various patterns can be created in the sur- 
face of finished concrete by adding wood 
or plastic strips, special plastic liners, or 
small cones or other shapes to the faces of 
forms (Figure 830-4). Form liners made of 
plastic, rubber, or other materials can be 
placed between the form's face and the 
concrete to provide special finishes, tex- 
tures, and patterns (Refer to 6.6 Finishing 
Concrete, in this section and to Table 830- 
9 for more information.). 

6.3 Reinforcement of Concrete 

Placement of Reinforcement: 

Reinforcement is used to give concrete 
structures and slabs greater tensile strength 
and also to control cracking. Figure 830-5 
shows the typical placement of steel or wire 
mesh reinforcement within a concrete slab 
or beam. 

Types of Reinforcement: 

Two types of reinforcement commonly 
used in landscape-related concrete are 
welded wire fabric and reinforcing bars. 
Plastic, glass, or steel fibers are also used as 
secondary reinforcement in concrete mixes. 

Welded Wire Fabric (WWF): Welded 
wire fabric, also called mesh, consists of elec- 
trically welded grids of steel wire with or 
without galvanized coating or epoxy treat- 
ment. Mesh is typically available from manu- 
facturers in rolls or flat sheets. Various gauges 
of wire and grid spacing are available. WWF 
sizes are referred to by a system of four num- 
bers, such as: 6 x 6 x W1 .4 x W1 .4. The first 
number is the longitudinal spacing of the 
wires, and the second number is the trans- 
verse spacing. The third and fourth numbers 
indicate the respective wire sizes. 

Reinforcing Bars: Reinforcing bars have 
irregularities or embossments called defor- 
mations which keep the bars from slipping 
within the concrete (Figure 830-6). The bar 
size is indicated by a number which, when 
multiplied by 3 mm (1/8 in), gives the 
nominal diameter of the bar in inches; for 
example, a No. 4 bar has an area equal to 
a bar of 13-mm (1/2-in) diameter (See 
Table 830-6.). 

Figure 830-7 shows reinforcing bar iden- 
tification. The minimum thickness of con- 
crete needed to cover metal reinforcement 
for corrosion protection is shown in Table 
830-7. 



Steel reinforcing can be galvanized or 
coated with paints, plastic, or epoxy coat- 
ings, etc. Some type of coating is essential 
where high corrosion is a factor, such as for 
bridges, waterfront seawalls, docks, and 
similar structures. 

Secondary Reinforcement: Plastic fibers 
can be added to a concrete mix prior to 
pouring to create three-dimensional sec- 
ondary reinforcement and to act as moder- 
ate inhibitors of plastic shrinkage cracks. 
They are lightweight, noncorrosive, and 
inert to alkali attack. They can be used for 
precast as well as cast-in-place concrete. 
Manufacturers of this product have slightly 
different requirements for use. however 
most specifications call for 0.884 kg of fiber 
per cubic meter (1-1/2 lb/yd J ) of concrete 
Some manufacturers make their fiber in 
lengths from 20 to 65 mm (3/4 to 2-1/2 in) 
to meet the needs of concrete with differ- 
ent sizes of aggregate. Steel fibers are also 
available for use when the concrete will not 
be exposed to the elements. 

6.4 Placing and Consolidating 
Concrete 

Once the subgrade is compacted and 
moistened, the forms erected, and the rein- 
forcing steel set in place, the concrete can 
be placed. The subgrade and all forms must 
be moistened to prevent extraction of 
water from the concrete. Forms should be 
treated with a release agent for easier 
removal. 

In slab construction, the placement of 
fresh concrete should begin along the 
perimeter of one end, with each successive 
batch placed against previously placed con- 
crete. Concrete should not be moved into 
position horizontally, for segregation 



between the mortar and coarse aggregate 
will result. 

In wall construction, the placement 
should begin at both ends and then 
progress from each end toward the center. 
The concrete should be placed in horizontal 
layers of uniform thickness, with each layer 
thoroughly consolidated before placement 
of the next layer. The layers should be 150 
to 500 mm (6 to 20 in) thick for reinforced 
members, and 380 to 500 mm (15 to 20 in) 
thick for mass work. Concrete moved hori- 
zontally into position should be kept to an 
absolute minimum to prevent segregation 
of mortar and coarse aggregate. 

The consolidation of concrete is accom- 
plished either by hand tools or by vibrators, 
Concrete mixes (slumps) that will be con- 
solidated by vibration can be considerably 
stiffer than those intended for consolida- 
tion by hand tools. The proportion of fine 
aggregate used in a concrete mix can also 
be reduced significantly if vibrators are 
used. Various types of vibrators include 
immersion-type (internal) vibrators, form 
vibrators, and vibrating screeds. Hand 
methods include the use of spades or pud- 
dling sticks or of various types of tampers. 

6.5 Joints, Locations, and Fillers 

Purpose of Joints: 

Joints are needed in most types of concrete 
construction to minimize or control the 
possibly damaging effects of expansion and 
contraction in the concrete due to temper- 
ature variations and the presence of mois- 
ture. Concrete contracts after the curing 
period as a result of drying, and it will also 
expand or contract with variations in tem- 
perature. Contraction is most dramatic dur- 
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Table 830-7. MINIMUM CONCRETE 
COVER FOR REINFORCEMENT. 

Minimum concrete cover for reinforcement 
(except for extremely corrosive atmos- 
pheres, other severe exposures, or fire pro- 
tection) shall be as follows: 

Min. cower 
(inches) 

Slabs and joints 

Top and bottom bars tor 

dry conditions 
#1 1 bars and smaller 3/4 in 

#14 and ftiabars 1 1/2 In. 

Formed concrete surfaces exposed to 

earth, water or weather, in contact with 

sewage and fnr bottoms bearing on work 

mats or slabs supporting earth cover 
#5 Bars and smaller 1 1/2 in 

#6 through #18 bars 2 in. 



Bars and columns (formed) 

For dry conditions. 
Stirrups and ties 
Pnncipal reinforcement 

Exposed earth, water, sewage 

or weather; 
Stirrups and ties 
Pnncipal reinforcement 

Walls 

For dry conditions: 
S1 1 bars and smallci 
H14 and #18 bars 



Formed surfaces and bottoms 
bearing on concrete work mats. 

Preformed surfaces and bottoms 
In (3 in.) contact with the earth 

Over top of piles 

Source: AO #301 



1 1/2 on. 

2 in. 



2 In. 
2 1/2 in. 



3/4 In 
1 1/2 in 



2 In. 



2 rn. 



ing the first few months, but it may contin- 
ue for a year or more. 

Types of Joints: 

Three types of joints typically used in con- 
crete construction include: 

1 Isolation, or expansion, joints. These 
joints extend the full depth of the 
concrete and provide for lateral 
movement between slabs or other 
fixed structures, such as buildings or 
retaining walls, steps, and posts. 

2 Control, or contraction, joints. These 
joints are designed to restrict the 
cracking of the concrete to predeter- 
mined locations. Joints should be 
tooled or sawn to a depth of at least 
one-fourth to one-third the thickness 
of the concrete. If tooled, this is done 
during the finishing of the concrete 
surface. If sawn, this is done when the 
surface of the concrete is firm enough 
not to be damaged by the sawing 



1. Isolation, or expansion joints extend the full depth of the concrete and provide for 
lateral movement between slabs or other fixed structures. 

2. Control, or contraction joints are designed to restrict the cracking of the concrete to 
predetermined locations. 

3. Control joints should be tooled or sawed to a depth of at least 1/4 to 1/3 the thick- 
ness of the concrete. If tooled, this is done during the finishing of the concrete sur- 
face. If sawed, this is done when the surface of the concrete is firm enough not to 
be damaged by the sawing process, normally 12 to 24 hours after finishing. 

4. Construction joints provide places where casting of concrete can be stopped. They 
may contain tie bars, slip dowels, and/or keyways for load transfer. 

5. Spacing of isolation or control joints in pavements should form square panels where 
possible (See Table 830-8 for spacing requirements). 

6. All Joints except control joints should be filled with fiber, wood, metal, or other 
materials to provide a smooth and safe wearing surface. 

7. In climates where freezing and thawing occurs, it is desirable to caulk or seal control 
joints in concrete slabs, especially if they have been saw-cut 



process, normally 12 to 24 hours after 
finishing. If sawing is delayed too 
long, the concrete may crack before it 
is sawn or may start cracking just 
ahead of the saw. Saw cutting is inef- 
fective unless all of the reinforcing is 
also cut. 

3. Construction joints: these joints pro- 
vide places where casting of concrete 
can be stopped. They may contain tie 
bars, slip dowels, and/or keyways for 
load transfer. 

Figures 830-8 through 830-10 show dif- 
ferent types all three kinds of joints. 

Location of Joints: 

Locations of joints in concrete walks, drives, 
large paved terraces, etc., are shown in 
Figure 830-1 1 . For walks and drives, the con- 
trol joints should be spaced at intervals about 
equal to their widths. Ideally, concrete slabs 
100 mm (4 in) thick or more should have 
control joints about 2400-3000 mm (8 to 10 
ft) apart, but never more than 6000 mm (20 
ft) apart in any direction. Where possible, 
these panels should be approximately 
square. If spaced wider than 3000-3600 mm 
(10 to 12 ft), then control joints down the 
center of the panel should be used. Panels 
with acute-angled comers should be avoid- 
ed, as these corners tend to break off and ini- 
tiate cracking. 

Control joints should be continuous, not 
staggered or offset. The spacing of control 
joints is a function of the slab's thickness 
and the expected shrinkage of the con- 



crete. Shrinkage is influenced by wetness of 
the mix and the maximum size of the 
aggregate. Table 830-8 lists suggested 
spacing of control joints. 

Joint Fillers: 

Typically, all joints except control joints are 
filled with some special material and sealed. 
Such materials may be manufactured and 
preformed, ready to install prior to the plac- 
ing of the concrete. Others may be installed 
or applied after the concrete has been 
placed. Three of the most common types of 
joint fillers are: 

1 Fiber filler: these are boards or strips 
made with or without asphalt impreg- 
nation Those without asphalt nor- 
mally require a joint sealant to keep 
out moisture. 

2 Wood dividers: these are made of 
pressure-treated or decay-resistant 
wood left in the concrete after it has 
been cast. 

3. Plastics, rubber, cork, or metal: These 
materials are also used to fill and seal 
joints They are available in a wide 
variety of forms, from simple strips to 
complex shapes. 

Several other types of materials can be 
used as joint fillers, including closed cell 
polyurethane, sponge or regular rubber, 
cork, special plastics, and metal expansion- 
joint systems. 

Joint sealants are used to prevent filler 
material from bleeding or being squeezed 
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Figure 830-8. Isolation joints. 
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up, to keep out sand and other debris, and 
to help keep water out of the joints in cli- 
mates where freezing occurs. The sealant 
must be compatible with the joint filler 
material, the concrete, and other materials 
in contact. Joint sealants are available in a 
variety of colors. Bacher rods or bond 
breaking materials may be recommended 
between the joint filler and sealant to pre- 
vent three-sided adhesion of sealant 

In climates where freezing and thawing 
occurs, it is desirable to caulk or seal control 
joints in concrete slabs, especially if they 
have been saw-cut. 

6.6 Finishing Concrete 
Surface Finishing: 

Floating and troweling can begin as soon as 
the concrete starts to stiffen. The time 
required for concrete to stiffen depends on 
the wind, temperature, relative humidity, 
and type of concrete used. Finishing should 
not begin until bleed water (which is often 
present on the surface of the new concrete) 
has evaporated. 

The formwork can be used to give dif- 
ferent patterns to the surfaces of precast 
elements or vertical structures, such as the 
exposed faces of retaining or freestanding 
concrete walls, Strips of wood, metal, plas- 
tic or rubber liners can be used to achieve 
different effects. For horizontal surfaces, 
such as paved walks, there are a number of 



different ways to finish the concrete. Table 
830-9 shows several common types of con- 
crete finishes. 

Two of the most common types of 
concrete finishes are: Floated finish is used 
when concrete has been placed, consoli- 
dated, struck off, leveled, and when the 
water sheen has disappeared and the sur- 
face has stiffened enough to permit float- 
ing. Floating can be done with a hand float, 
power trowel equipped with float shoes, or 
with a powered trowel disc float. During 
and after the first floating, the evenness of 
the surface should be checked with a 10-ft 
straight-edge applied to no less than two 
different angles. When the surface has met 
the desired slope tolerance, the slab should 
be refloated immediately to a uniform 
sandy texture. 

Troweled finish may be used after the 
surface has been float finished as described 
above. Typically, the surface is first power 
troweled to make it smooth. Then, when it 
has hardened enough to cause a ringing 
sound when the trowel is moved over the 
surface, a hand trowel is used to make the 
surface free of trowel marks and uniform in 
texture and appearance. Troweled finishes 
should not be used outdoors because they 
are too slippery. 
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Figure 830-9. Types of control joints. 



1 . Finishing should not begin until bleed water (which is often present on the surface 
of the new concrete) has been reabsorbed by the concrete. 

2 Various casting, abrasive, chemical, and mechanical processes can be used to create 
finish concrete (Table 830-9). Different tools will yield dramatically different finishes 
(Table 830-11). 

3. Coloring is typically achieved through color pigments integrated into the concrete 
mix, the dry-shake method of sprinkling pigments onto the surface, or through 
stains and paints used on hardened or existing surfaces. 

4. Exposed aggregate finishes are usually achieved by hosing or acid washing and 
brushing the surface after it begins to set. The seeding method offers an alternative 
to this technique, where aggregate is sprinkled over freshly placed concrete and 
pounded into the surface. 

5. Nonslip finishes can be achieved by hand-tooling with floats, trowels, or brooms, or 
by dry-shaking abrasive grains onto the surface. 

6. Patterned or stamped finishes can be produced on freshly placed concrete surfaces 
through the use of special impnnting tools (Figure 830-12). A range of typical pat- 
terns is shown in Figure 830-13 

7. If retarder is used for exposed aggregate finishes, then edging is not feasible 
because the retarder will not allow a smooth edge to be created. 
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Figure 830-10. Types of construction joints. 



Colored Concrete: 

Coloring is typically achieved in three dif- 
ferent ways. 

1 . Cofor pigments can be added to the 
concrete by either a one- or two- 
course method. The one-course 
method involves mixing special pig- 
ments into the concrete mix before it 
is placed. White cement is best for the 
lightest colors, but common Type I 
buff cement is used most frequently. 
The two-course method involves a 
first course of regular concrete, whose 
surface is left rough, and then a top or 
finish course of 12 to 25 mm (1/2 to 
1 in) of colored concrete. 

2. The dry-shake method consists of 
sprinkling special dry pigments on the 
surface of the newly cast concrete 
after it has had a preliminary floating. 



edging, and grooving. This technique 
requires the skill of a professional 
cement finisher to achieve uniform 
colors. Special effects can be achieved 
by adding color pigment to the mix, 
and then using the dry-shake method 
after the concrete is placed. The dry- 
shake method allows a wide range of 
dark and intense colors. 

3. Stains and paints are typically used 
only when an existing slab of concrete 
has to be colored Paints wear off and 
have to be reapplied over time, 
whereas stains or dyes penetrate into 
the surface. It is difficult to achieve 
uniform colors with some stains, and 
most stains eventually fade in sunlight. 

The selection of a proper curing method 
is important when curing colored concrete. 
Waterproof paper or plastic sheets should 
not be used because they will cause discol- 
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Figure 830-11. Location of joints. 



oration. In most cases, a better solution 
involves the application of a wax-based 
curing compound that is clear or the exact 
same color as the colorant. It is difficult to 
steel-trowel the surface of colored concrete 
without causing variations or discol- 
orations. 

Table 830-10 lists the range of colors 
and agents used to make colored concrete. 

Exposed Aggregate Finishes: 

Exposed aggregate finishes are widely used 
because they offer a wide range of colors 
and textures as well as provide resistance to 
slipping and heavy wear. Three common 
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methods used to create an exposed aggre- 
gate finish include the one-course, two- 
course, and seeding methods. 

1. The one-course, or integral, method 
involves a single cast of concrete. The 
mix must contain a very high propor- 
tion of coarse to fine aggregate. The 
coarse aggregate to be left exposed 
should be of uniform size, specially 
selected for durability, and of con- 
trasting color to the concrete paste 
The concrete is finished in the usual 
way via floating, etc.. until it begins to 
set; then the aggregate is ready for 
exposure by hosing or acid washing 
and brushing (or later by grinding, as 
with terrazzo). A surface retarding 
agent is sometimes applied, to control 
the time of exposure. 

2. The two-course method involves a 
base course of conventional concrete, 
over which is promptly placed a 12- 
to 25-mm (1/2- to 1-in) concrete top- 
ping with special aggregate. The 
same technique of finishing and 
exposing the aggregate is used in the 
two-course method as is used in the 
one-course method. 

3. The seeding method involves sprin- 
kling specially selected aggregate over 
a freshly placed and rough-finished or 
screeded concrete base and pounding 
it into the surface while floating the 
concrete. This method requires much 
more working time, but a special retar- 
dant can be used to provide the extra 
time needed to perform this method. 
This method requires skilled labor to 
achieve uniformity of appearance. 

The use of ground or polished terrazzo 
for exterior paving is not recommended 
because of the danger of pedestrians slip- 
ping when it becomes wet A rustic terraz- 



Table 830-8. SPACING OF CONTROL JOINTS 



Slab 
Thickness, 

In 


Less Than 3/4" 
Aggregate Spacing, 
ft 


Ldrger i nan 
Aggregate Spacing, 
ft 


^liiiTin L Than 
4" Spacing, 
ft 




10 


1J 


11 


6 


12 


15 


18 


7 


14 


18 


:i 


8 


lb 


20 


24 


9 


10 


21 


27 


111 


2U 


25 


JO 



■ Given sparings also apply to the distance from control joints to parallel isolation joints or parallel ion 
struclion |o.nts 5pacings greater than 1 5 ft (5 ml show a marked loss in effectiveness of aggregate inter- 
lock to provide load transfer across the roint. 

Source: Portland Cement Association. Concrete F/oors on Ground. 2d ed.. Skokie, III., \<K 1 



zo, similar to exposed aggregate concrete, 
is available from terrazzo contractors. 

Special Non-Slip Finishes: 

Non-slip finishes can be achieved by hand- 
tooling with floats, trowels, or brooms, or 
by dry-shaking abrasive grains onto the 
surface. The two most widely used abra- 
sives are silicon carbide and aluminum 
oxide. Such abrasives are applied in the 
same way as the dry-shake method for col- 
oring concrete. 

Patterned or Stamped Finishes: 

These finishes can be produced on freshly 
placed concrete surfaces through the use of 
special imprinting tools (Figure 830-12). 
Typically, these methods are used for hori- 
zontal surfaces, but they can be used for 
precast tilt-up walls, etc. These patterns can 
be achieved on the surface of any fresh 
concrete, whether that of a monolithic slab 
□r a thin topcoat of concrete [with a mini- 
mum thickness of 12 to 75 mm (1/2 to 3 
in)] over an existing slab of concrete. The 
fresh concrete is screeded to the proper 
grade, wood -floated, colored (if not pre- 



1. The most common methods for retaining the moisture in concrete for proper curing 
are wet covering, waterproof paper or plastic sheets, sprinkling or ponding of water, 
and curing compounds. 

2. Favorable temperatures for curing are those above 10' C (50' F) and below 29' C 
(85* F) 

3. Concrete should be protected from freezing weather during installation, and for a 
period of 7 days to 2 weeks after placement unless special mixes such as Type III 
(High Early Strength Cement), a low water/cement ratio, or accelerator admixtures 
are used. 

4. Waterproof paper or plastic sheets should not be used during the curing process on 
colored concrete because they will cause discoloration A wax-based curing com- 
pound that is clear or the exact same color as the colorant should be used. 



mixed with color), and then imprinted with 
tools used to create the desired patterns. 

Several companies make imprinting 
tools, and a few have developed trade- 
marked techniques for installation. The 
imprinting tools are either open-faced, with 
only the pattern part touching the con- 
crete, or solid- faced, with total contact 
made with the fresh concrete. Rubber- 
faced steel rollers are also used for textur- 
ing concrete surfaces. A range of typical 
patterns is shown in Figure 830-13 

Finishing Tools: 

To achieve a desired finish on concrete, a 
designer will often indicate which tool 
should be used. Table 830-11 describes 
typical concrete finishing tools. 

Edging: 

Edging the concrete provides rounded 
edges that prevent chipping or other dam- 
age when forms are removed. Also, edging 
helps compact and harden the surface con- 
crete next to the form, where floats and 
trowels are normally less effective. Edging 
may have to be done several times during 
the finishing operation to produce a clean, 
smooth, uniform edge. 

6.7 Curing 

The durability of concrete continues to 
improve significantly up to 28 days and for 
several months beyond, as long as (1) 
moisture is present and (2) temperatures 
are favorable. Concrete should be protect- 
ed from rapid drying and from freezing 
temperatures particularly during the first 
week after it is placed and finished. Several 
methods and materials are used to achieve 
proper curing (Table 830-12). 

Moisture Control: 

Four of the most common methods for 
retaining the moisture in concrete for prop- 
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Table S30-9. TYPES OF CONCRETE FINISHES 



Category 



Color 
Casting Processes 



Critical Details 



Remains as k after form 

removal 1 



Cemenl lirst influenc e. line 
aggregate second 

influence 



Wide range oi 
options 1 



Slump - Vt-3% in: |ninery 
of lorms; proper release 
agent; poml form joints 
In avoid marks 



Brush blast 
Light blast'' 



Medium exposed 
aggregate' 

I leavy exposed 
aggregate-' 



Abrasive Processes 



Unitorm si our cleaning 

Sandblast to expose fine and 
some coarse aggregate 



Sandblasted ti, expose i u.irse 
aggregate 

Sandblasted to expose coarse 
aggregate; fl(M> viable 



Cemenl and fine aggregate 
have equal influeni e 

Fine aggregate primary, 
coarse aggregate and 
cement secondary 

Coarse aggregate 



Coarse aggregate 



All smooth Scouring after 7 days; slump 

- 2K-Jriin 

All smooth 10* more coarse aggregate: 

slump » 2* Jit in: 
blasting between 7 and 
45 days 

All smooth Higher than normal coarse 

aggregate, slump - 2-3 
in. bias! before 7 days 

All smooth Special mix coarse 

aggregate, slump -0-2 
in. blast within 24 hr; use 
high frequency vibrator 



Retardation (X 
surface set 

Hardeners and 
coatings' 



Chemicals expose aggregate 



Aggregate can be adhered to 
surface 



Coarse aggregate and cement 



Class fiber best 
and all 
smooth 



Grade of chemical 
determines depth of 
etch; Stripping scheduled 
to prevent long drying 
period between stripping 
and washoff 



jack 

hammering, 
tooling' 



Surface fracturing, 
scaling, bush 
hammering, 



Varied 



Cement; fine and coarse 
aggregate 



Textured 



Aggregate partic les * in for 
scaling and tooling- 
aggregate panicles 



Combination 



Striated/abrasive blasted/ 
irregular pattern: 
corrugated/abrasive; 
vertical rusticated/abrasive 
blasted: reeded .md bush 
hammere d, reeded and 
hammered 



the shallower Ihe surface, 
the more influence 
aggregate fines and 
cement have 



Wood or rubber 
strips, 
i orrugaled 
sheet metal, 
glass tiber, or 
asbestos 
cement 



Depends on type of finish 
desired, wood flute 
kerfed and nailed loosely 



1 I orm liners— rubber mats plaslic panels, wood boards (unfinished sheathing lumber or tongue and groove lumber), plvwood, wood siding and wood strips: 
used for walls and wall panels: secured to surfaces, either horizontal or vertical, against which concrete is poured; toinls between plastic panels may have to 
be specially treated (Among other ways, the grain of the wood in plywood can be exposed by wire-brushing or sandblasting or in other waysl 

Form liners— plaster-of-pans forms, wood forms, molded fiberglass forms: also used for walls and panels; repetitive elements used to allow multiple use of 
formwotk. Wood forms may be protected with sprayed-on fiberglass 

Dimpled: used for wall panels; si/e of aggregate bed against which concrete is cast and thickness ol plastic film covering will influence pattern 

■' txposed aggregate — marble chips, crushed rock, glass fragments, flagstone, gravel Used for walls and wall panels, walks anil lerr.u es; large-size aggregates 
and flagstone arc generally used when panels are cast exposed face down: aggregate transfer is used in vertically cast wall panels 

Exposed aggregate — ground or polished, used for flours, floor tile, and stair treads, and lor wall facing panels; a surface sealer is recommended for floors, floor 
tile, anil stair treads, not recommended for outdoor paving if pavement can become wet from rainfall or other srmrc es of water 

' Hardeners include liquid ones for sealing surfaces of poorly finished concrete paving in order to preveni dusting Penetrating surface coalings are for water- 
proofing vertical surfaces film-forminp and clear or pigmented surface coatings are lor waterproofing and sealing horizontal and vertical surfaces. 

1 Types of mechanical processes include 

• Rubbing, grinding, acid etching soundbljsling, and bushhummering for removing imperiei lions un exposed concrete surfaces after forms are stripped. 
Surface texture will be changed lo varying degrees depending on process used. 

• Screeding or strike-off Inr surfaces not exposed lo weather, wear, or view, e.g.. footings and lop surfaces of base course in two-course construction. 
May be floated to correct irregularities and level Ihe surface. 

• Float, trowel, or broomed swirl for horizontal surfaces, such as walks, ramps, and terraces, where slip-resistance is required and appearance is 
important. 

■ Burlap drag for large surfaces, such as pavements and driveways, where slip-resistance is required and appearance is of secondary importance. 

■ Steel troweled for horizontal surfaces exposed to wear, such as residential, commercial, and light industrial floors. 

■ Shake-on aggregate steel-troweled for horizontal surfaces, such as heavy industrial and warehouse floors, that are exposed to severe wear 

• Travertine for walks and terraces. The finish coal is of white cement and yellow pigment is generally .idderi 

■ Rock salt lor walks and terrai es; not rei ornniended in freeze thaw climates. 

• Stamped pattern for walks and terraces; many varieties of stamping tools are available. 

Source: C. C. Ramsey and 1 1 R Sleeper Architectural {.raphe .Standards, vth ed.. John K Hoke (ed.l, Wiley, New York, 1994. 
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Table 830-10. COLORING AGENTS FOR CONCRETE 



2 

u 
C 

5 
o 



Color 




White 


While Portland cement, white sand 


Buff 


Butt portland cement, small quantity of black iron oxide. 




magnesium black, Germanlown lampblack 


Brown 


Burnt umber, brown iron oxide, yellow oxide ol iron to obtair 




modification 


Yellow 


Yellow oxide of iron 


Buff 


Yellow ochre, yellow oxide of iron, red oxide of iron may be 




used in small quantity 


Cream 


Small quantity of yellow oxide of iron 


Fink 


Small quantity of red oxide of iron 


Rose 


fieri imrti' ii 


Green 


Chromium oxide, yellow oxide of iron may be added 


Blue 


Phthaloi yanine blue 


Black 


Powdered carbon black 



Source' Adapted from American Concrete Institute, Slabs Oft Concrete Detroit. 1982 



er curing are wet covering, waterproof 
paper or plastic sheets, sprinkling or pond- 
ing of water, and curing compounds. 

1 Wet covering: involves placing burlap 
or other moisture-retaining fabric 
over the wet concrete and keeping it 
wet. The use of coverings that may 
stain the concrete surface should be 
avoided. 

2 Waterproof paper or plastic sheets: 

these can be used to prevent rapid 
loss of moisture from the concrete. 
The edges of materials must be 
lapped or sealed, and if exposed to 
wind, secured in place. Surfaces 
should be wetted before being cov- 
ered. 

3, Sprinkling or ponding of water: this is 
very effective but often expensive and 
difficult to supervise. Ponding requires 
sand or earth berms which have to be 
removed later and may leave stains. 

4. Curing compounds: these can be 
used to help sustain curing after 
removal of the forms or protective 
coverings. Some curing compounds 
should not be used when waterproof- 
ing, sealers, glaziers, or other thin set 
type coatings are to be added later 
because they are not compatible with 
coating compounds. Both materials 
should be compatible, or an acid solu- 
tion should be used to remove the 
curing compound before applying the 
waterproofing or coating compound. 

Temperature Control: 

Favorable temperatures for curing are those 
above 10"C (50" F) and below 29" C (85* F). 
Temperature affects the rate of setting. 
Higher temperatures cause quicker setting. 



At low temperatures, slightly less water is 
needed to create a workable mix. Concrete 
should be protected from freezing weather 
during installation, and for a period of 7 
days to 2 weeks after placement to maintain 
test strength. This can be accomplished by 
covering the concrete with plastic sheets 
and using portable heaters or insulating 
blankets, by steam curing, or by using spe- 
cial mixes such as Type III (high early 
strength cement), a low water/cement 
ratio, or accelerator-type admixtures. 

6.8 Sealers and Glaziers 

Special compounds are sometimes used to 
seal or glaze concrete. They are typically 
used on new or old concrete to provide a 
waterproof sealer which prevents or 
reduces moisture and chloride penetration. 
Some are also used to bring out natural col- 
ors in the aggregate or the colors of the 
concrete. 

Various manufacturers have their own 
types and associated trade names for these 
sealers and glaziers. Three common types 
include: 

1. Sealer and curing compound: this 
compound is suitable for use on con- 



crete surfaces. It can be applied on 
damp concrete or used on fresh con- 
crete as a nonfugitive curing com- 
pound that will provide continuous 
protection. 

2 Glazer-sealer: this is a compound that 
brings out the natural color of slate, 
brick, stone, and concrete. It is recom- 
mended for exterior paved surfaces 
and walls. 

3. Deck coating: this is a two-coat sealer 
for concrete slabs and decks which 
reportedly allows water vapor to 
evaporate but blocks penetration of 
moisture and chlorides. The first coat 
of oligomeric alkoxysilane chemically 
bonds to the substrate, penetrating 
the concrete surface about 6 mm (1/4 
in). The second coat cures to a 
breathing film that reduces water 
absorption but permits escape of 
water vapor. It is resistant to deterio- 
ration from ultraviolet light and will 
not turn a yellow color. It should not 
be applied until the concrete has thor- 
oughly dried. 

6.9 Weathering Indexes in the 
United States 

Figure 830-14 shows weathering indexes for 
the United States, that are determined by 
the product of the average number of freez- 
ing-cycle days and the average annual 
amount of winter rainfall, defined as follows: 

A freezing-cycle day is any day during 
which the air temperature passes either 
above or below 0" C (32° F). The average 
number of freezing-cycle days in a year 
may be taken to equal the difference 
between the mean number of days during 
which the minimum temperature was 0' C 
(32' F) or below and the mean number of 
days during which the maximum tempera- 
ture was 0" C (32' F) or above. 

Winter rainfall is the sum, in centimeters 
(or inches), of the mean monthly corrected 



1. Sealer and curing compound can be applied on damp concrete or used on fresh 
concrete as a nonfugitive curing compound that will provide continuous protection 
from moisture. 

2. Glazier-sealer is a compound that brings out the natural color of slate, brick, stone, 
and concrete while providing moisture and chloride protection. 

3. Deck coating allows water vapor to evaporate but blocks penetration of moisture 
and chlorides. It is resistant to deterioration from ultraviolet light and will not turn a 
yellow color. It should not be applied until the concrete has thoroughly dried. 
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Figure 830-12. Imprinting or Pattern 
Stamping Tool. Laborers step from pad to 
pad, stamping Uie design to a depth ot 
about 7 in. (25mm). 



precipitation (rainfall) occurring during Ihe 
period between, and including, the normal 
date of the first killing frost in the fall and 
the normal date of the last killing frost in 
the spring. The winter rainfall for any peri- 
od is equal to the total precipitation less 
one-tenth of the total fall of snow, sleet, 
and hail. Rainfall for a portion of a month is 
prorated. 

The weathering index shows general areas 
where concrete is subject to weathering. 

6.10 Restoration and Repair of 
Concrete 

Restoration and repair of concrete involves 
the following procedure: 

1. Removal of all damaged and spalling 
concrete and cleaning of existing con- 
crete to remove loose material and 
dust. 

2. Concrete or grout is mixed in small 
amounts. 

3. After cleaning, the damaged area is 
saturated with water and a neat 
cement slurry or bonding agent is 
applied to the entire base. Grout mix 
should comprise 1 to 1.5 parts of 
cement to concrete sand by weight or 
volume and be mixed damp (crumbly 
dry) to the touch. 

4. The new concrete is finished to match 
the existing adjacent surfaces. 

5. The concrete is moisture-cured to pre- 
vent shrinkage and cracking. 



GLOSSARY 



Accelerator. An admixture added to con- 
crete to hasten its set and increase the 
rate of strength gain (the opposite of 
retarder) 

Admixture. A material (other than portland 
cement, water or aggregate) added to 
concrete to alter its properties (i.e., 
accelerators, retarders, air entraining 
agents). 

Aggregate. Normally, a hard, inert material 
mixed with cement and water to form 
concrete. 

Bag (of cement). A quantity of cement that 
weighs 94 lb in the United States, 40 
kg in Canada, and 50 kg in most other 
countries using the metric system. 

Bleeding. Appearance of excess water ris- 
ing to the surface shortly after the 
placing of concrete. 

Cement. A binding agent (i.e., glue) capa- 
ble of uniting dissimilar materials into 
a composite whole. 

Concrete. A composite material made of 
cement, water, aggregates, and some- 
times special admixtures. 

Consistency. Uniformity of mixes or batch- 
es as measured by the slump test. 

Crazing. Numerous fine hair cracks in the 
surface of a newly hardened slab. 

Dusting. Appearance of a powdery material at 
the surface of a hardened concrete slab, 
probably caused by improper curing. 

Formwork Structure erected to temporarily 
contain the concrete during its placing 
and initial hardening 

Graded aggregate. Aggregate containing 
graduated particle sizes from the finest 
fine aggregate size to the maximum 
size of coarse aggregate. 

Graded sand. Sand containing uniformly 
graduated particle sizes from very fine 
up to 6 mm (1/4 in). 

Grout. A fluid mixture of cement, water 
and sand of casting consistency. 

Heat of hydration. Heat created during the 
hardening process of concrete. 

Hydration. The chemical reaction of water 
and cement that produces a hardened 
concrete. 

Hydraulic cement. A cement that can set or 
harden while under water. 

Inert. Having inactive chemical properties. 

Monolithic concrete. Concrete placed in 
one continuous cast without joints. 

Neat cement. A mixture of cement and 
water (no aggregate). 

Placing. The act of putting concrete in posi- 
tion (sometimes incorrectly referred to 
as pouring). 

Plastic concrete. Easily molded concrete 
that will change its form slowly only if 



the mold is removed. 

Precast concrete. Concrete components 
which are cast and cured off-site or in 
a factory before being placed into 
their final position. 

Prestressed concrete. Concrete subjected 
to compressive forces by the pre- 
stretching (or stressing) of reinforcing 
bars or cables within, thereby devel- 
oping greater strength, stiffness, and 
crack resistance in the concrete. 

Puddling. Compacting concrete with a 
spade, rod, or other tool. 

Ready-mixed concrete. Concrete mixed at 
a central plant or in trucks enroute to 
the job and delivered ready to be 
placed. 

Reinforcing. Steel placed in concrete to 
take tensile stresses. 

Retarder. An admixture added to concrete 
to retard the speed of its set. 

Scaling. Breaking away of the hardened 
concrete surface of a slab [to a depth 
of about 1.6 to 4.8 mm (1/16 to 3/16 
in )], usually occurring at an early age 
of the slab. 

Scoring. Partial cutting of concrete to con- 
trol shrinkage and cracking. Also used 
to denote the roughening of a base 
slab to develop a stronger mechanical 
bond with a finish slab, etc. 

Segregation. Separation of heavier coarse 
aggregates from the mortar or of the 
water from the other ingredients of a 
concrete mix during handling or placing. 

Shrinkage. Decrease in the initial volume 
due to the removal of moisture from 
fresh concrete. Also, it may refer to a 
decrease in volume due to subsequent 
decreases in temperature or moisture 
content. 

Spalls. Fragments of concrete dislodged 
from the surface of concrete. 

Subbase. A layer of material, aggregate, or 
coarse-graded concrete between the 
subgrade (soil, etc.) and the top 
course of the paving. 

Subgrade. Compacted fill or earth surface 
upon which subbase is placed 

Swale. A low, flat depression to drain away 
storm water. 

Water/cement ratio. The amount of water 
(liters or gallons) used per unit of 
cement in making concrete, often 
expressed as a pure number ratio, such 
as pound of water per pound of 
cement. It is an index to strength, dura- 
bility, watertightness, and workability. 

Workability. Relative ease or difficulty with 
which concrete can be placed and 
worked into its final position within 
forms, around reinforcing, etc. 
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Table 830-11. CONCRETE FINISHING TOOLS. 



Tool 



Siraighl-edge (screeds) 
Wood (6 1 fa fl Icng) 
Magnesium (6- 14 fl long) 
Vibrating straightedges 
(up to 80- tt spans) 



Used to strike off concrete to the 
required elevation 



tampers (jitterbug): 
Flat grill 
Roller grill 
Power c ompactors 

Isubgrades and 

subbasesl 



Used to push down coarse 
aggregates to |usl below the 
surface. Used only on very 
stiff concrete mixtures 
immediately after striking off 
the surface (slraightedging) 




Bull floats: 

Wood (42-60 in wide) 
Magnesium (42 60 in 
wide) 



Used to smooth the surface 
following slraightedging (to 
get rid of high and low spots) 
Generally, wood bull floats 
perform belter except on air- 
entrained and lighlweighl 
concretes 




Darbies 

Short darbies (wood or 

magnesium) 
Long-handled darbies 
(wood or magnesium) 



Used lor the same purpose as 
bull floats (to gel rid of high 
and low spots) 




(a) lb] 
(a) Short nand/ed, and (6) long handled darbies. 



Floats: 
Wood 
Magnesium 

r floats (rotary) 



Used to make surfaces true. 
Wood floats are best lor non- 
air-enlrained concrete and for 
high-slump concrete. 
Magnesium is used for low- 
slump, air-entrained, and 




(a) lb) |c) 

la) 5ma/( wood ffoar. (b| Urge magnesium float, (cl snuff magnenum float 



Trowels: 

Spring steel (various 
sizes) 

Power trowelers (rotary) 



Makes the surface hard and 
dense Done after floating 
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Table 830-1 1. CONCRETE FINISHING TOOLS. 



Tool 



Description 



Mging Tools- 
Short edgers 
Long edgers 
Corner tools 
Walking edgers 



Used to round off edges so they 
are less likely to chip. Done 
jfter the slab has been bull 
fliiau-H and darbied 




A shorter edger (a) is used on curves, while the lunger edger (fa) is 
used on straight funs. 



Jointers (Groovers): 



Used In make contraction joints 
in stabs, about one tourlh the 
thickness of the slab 




Special tools 

I ools to spread concrete: 
Square-nose shovel 
Concrete rake 
Come-alnng 
Tools to texture the 
surface: 

Wire comb texture 
broom lior nonslip 
surfaces, 1 5 ft wide) 
Shallow groovers 
I 'l heater- ') 




(a) A no 2 square-nose shovel gives good leverage hr moving concrete; (b) a 
concrete rake (not a garden rake) can be used with stiff concrete, (c) a 
come-along is wide enough to minimize segregation of the aggregates from 
the paste. 



Vibrators: 

Internal vibrators Used to consolidate concrete 

External vibrators 
lorm vibrators 
Surface vibrators 
(vibrating screeds) 
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© Figure 830-13. Typical stamped pattern for concrete. Crack control and an attractive appearance are obtained by orienting bond 
CO lines across the short dimension of the pavement lor cobblestone and all running bond patterns. Dimensions are centerline to centerlme. 
QO Drawings are not in scale with each other. 
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Table 830-12. CURING TABLES AND TECHNIQUES. 



Type 



Uses 



Remark* 



Water ponding: with 
sand or earth 
dykes Ip contain 
water 

Continuous 

sprinkling 

Wei coverings: 
burlap, cotton 
mats 

Waterproof paper 

Plastic sheets 



Forms letl in plat e 



Slearn i uring 



Curing compounds: 
clear, white 
pigmented, light - 
gray pigmented. 
hla< k 



For all horizontal surfaces, such as: 
pavements, walks, floors, horizontal^ 
rasl panels 

For horizontal and vertical surfac es: 

pavements, walks, floors, walls, cement 

plaster, stucco 
For horizontal and curved surfaces: 

pavements, walks, floors, shell roofs, 

horizontally cast panels 
Tor horizontal surfaces: pavements, walks. 

floors, horizontally cast panels 
tor horizontal surfaces and complex shapes: 

pavements, walks, lloors, shell roofs, 

horizontally cast panels 
I or vertical surfaces 



For: cast-in-placc, plant cast units 
For all horizontal and verticil surfaces 



this will also maintain 

uniform 

temperature in 

concrete. 
Use fine spray 

through nozzles or 

soil-soaker hose 
Wet sand, earth, 

straw, in hat i onld 

also be user). 
Should conform to 

ASTMCI7I 
Should • unfoiiri In 

ASTMC171 

Must be kep wet 

usintt spray or soil 

soaker hose 
Enclosure for items to 

be cured is 

required 
Should conform to 

ASTM C iOt. 



Source- Sweers Selection Data: Cement and Concrete, McGraw-Hill, New York, 



AGENCIES AND ORGANIZATIONS 



Industry Associations in the United States 

American Concrete Institute (ACI) 
Farmington Hills. Michigan 

Concrete Reinforcing Steel 
Institute (CRSI) 
National Headquarters 
Schaumburg, Illinois 

Concrete Sawing and Drilling 
Association (CSDA) 
Dublin, Ohio 

National Precast Concrete 
Association (NPCA) 
Indianapolis. Indiana 

National Ready-Mixed Concrete 
Association (NRMCA) 
Silver Spring, Maryland 

National Aggregates Association 
Silver Spring, Maryland 

Portland Cement Association (PCA) 
Skokie, Illinois 

Wire Reinforcement Institute (WRI) 
Find lay, Ohio 
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Figure 830-14. Weathering indexes in the United States. This index shows gen- 
eral areas where concrete is subject to severe, moderate, and negligible weathering. Data 
needed to determine the weathering index for any locality in the United States may be 
found or estimated from tables of local climatological data, published by the U.S. 
Weather Bureau, U.S. Department of Commerce, Washington, D.C. 



Institutes and Agencies 

Construction Specifications 
Institute (CSI) 
Washington, D.C. 

National Bureau of Standards (NBS) 
U.S. Department of Commerce 
Washington, D.C. 

National Institute of Building 
Sciences (NIBS) 
Washington, D.C. 

National Technical Information 
Service (NTIS) 

U.S. Department of Commerce 
Springfield, Virginia 

U.S. Department of Energy (DOE) 
Energy Research and Development 
Administration 



/ashinf 
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1.0 INTRODUCTION 



Clay, concrete, and stone masonry 
products are used extensively in 
landscape construction for a variety 
of purposes. Their modular characteristics, 
texture, and color, as well as their proper- 
ties of durability, compressive strength, and 
resistance to moisture, allow them to be 
used in a wide range of applications. 

Several other sections of this handbook 
contain more technical data and standards 
showing how one or more of these mason- 
ry materials can be used for variety of spe- 
cific purposes. For instance, see Sections: 
410: Retaining Walls and Devices, 440' 
Surfacing and Paving, 450: Fences, Screens 
and Walls, and 530: Pools and Fountains. 
Also, manufactures for each type of 
masonry material or product should be 
consulted to seek their suggestions on how 
to use one or more of their materials or 
standard, new or custom products. 
Typlically, they offer data on the range of 



shapes, sizes, finishes, product and installa 
tion specifications, etc. 



2.0 CLAY MASONRY 



2.1 General Classification and 
Properties: 

Clay masonry is typically classified into 
three groups: solid masonry units, hollow 
masonry units, and architectural terra- 
cotta. Individual products within these 
groups are further classified by size, grade, 
type, color, and texture. When in doubt or 
when the material is is be obtained and 
used outside of the USA, then the manu- 
facturers for the types of clay materials or 
products being considered should be con- 
sulted to seek their suggestions on how to 
use one or more of their standard, new or 
custom made products. Typlically, they 
offer data on the range of shapes, sizes, 
finishes, product and installation specifica- 
tions, etc. 



Solid Masonry Units (Brick): 

A masonry unit is classified as solid if the 
void area does not exceed 25 percent of 
the total cross- sectional area of the unit. 
Solid masonry units typically include build- 
ing brick (ASTM C62), facing brick (ASTM 
C216), ceramic glazed facing brick (ASTM 
C126), hollow brick (ASTM C652), and 
paving brick (ASTM C902). 

Properties of Clay Masonry Units: 

The characteristics of the raw clay material 
as well as the manufacturing process itself 
determine the properties of finished clay 
masonry units. Table 840-1 lists these basic 
properties. 

Compressive Strength: Measured by the 
amount of stress placed perpendicularly to 
the loading plane. Bricks can be classified 
by compressive strength when such values 
are above those used in the graded classifi- 
cation. (Table 640-1) 



Table 840-1. BASIC PROPERTIES OF CLAY MASONRY 



O 





Properties and Test Methods' 






Compressive 
Strength, psi 


Modulus of 
Rupture, psit 


Water 
Absorption, % 


Density, 
pcf 


^ Material 



Clay - Solid Masonry Units (Brick): 



Building and lacing 
Grade SW 

Grade MW 

Grade NW 
Glazed taring 
Paying 

Grade SX 

Grade MX 

Gfade NX 
Hollow 

Grade SW 

Grade MW 



1000 
25CK) 

isrio 

MW 

Hill II) 
10OO 
1IXK) 

«KK) 

25oo 



17 
22 



a 

14 
no limil 



17 
22 



Hollow Masonry Units (Tile) 



Load-bearing wall tile 



Type IBX 
Type LB 
faring tile 



Standard 
Special duly 
Sand lime hnrk 
Grade SW 
Grade MW 



ASIM Cb2-84 

(building brick) 
ASTM C216-B4 

(6)1 inn brick) 



ASIM l 126-82 
ASIM {<m-7<)a) 



ASTM Cr,S2-81 











ASTM C14-62 










[reapproved 










1975) 


141X1 


IH 


52 




1000 




2S 


52 


ASTM C212-MI 
















(reappfl >ved 










I'lHIl 


1401) 




7 


4(1 




250L1 




1 \ 


4H 




4500 


<i5U 


7 10 




AS1MC7175 


2 SOD 


450 


7 10 







■ For methods of testing day brick, see ASTM Cfi7 H J. 
t Modulus ol rupture is a measure of flexural strength 



% Density prf = HH 145 

Source Sweet* Selertmn Data Stone arid Masonry McGraw Hill. New York 
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Water Absorption: The initial rate of 
absorption (IRA) or suction affects the 
bond between brick and mortar. (Table 
840-1) Units with rates greater than 110 
lpm/760 mm J (30 gpm/30 in') have too 
rapid an IRA and should be wetted thor- 
oughly 3 to 24 hours before placement. 
The absorption (percent) is the amount of 
water absorbed by the unit A lower per- 
centage indicates less water absorption and 
contributes to better weathering character- 
istics in exposed, exterior conditions. 

Durability: The combined factors of 
compressive strength and absorption con- 
stitute a measure of durability. Durability is 
also reflected in susceptibility to weather- 
ing, which is expressed by various grades, 
Weathering, primarily caused by alternate 
freezing and thawing in the presence of 
moisture, varies by climatic regions (Figure 
840-1). Resistance to abrasion and stain- 
ing, particularly important when using 
paving brick, is demonstrated by the denser 
hard -burned brick that exhibits low absorp- 
tion. Local practices should be investigated 
to ascertain the impact of weathering on 
various grades of brick. 

Texture, Colors, and Finishes: Commonly 
specified brick textures include smooth, 
matte, rugs, barks, stippled, sandmold, 
waterstruck, and sandstruck Commonly 
available clay masonry colors include buff, 
cream, purple, maroon, black, pearl gray, 
and various shades of red. Use of glazes or 
special kiln techniques can produce an infi- 
nite range of color options. Finishes com- 
monly applied to day masonry units include: 

1. Smooth finish: formed by the die In 
manufacturing 




Figure 840-1. Regions of weathering in the United States. 



2 Scored finish: grooved as it comes 
from the die in order to increase 
bonding 



3. Combed finish: altered by 
grooving after manufacture for tex- 
ture or to increase bonding 

4. Roughened finish: surface entirely 
roughened by wire cutting or other 
means for texture or to increase 
bonding 

5. Clear glaze: transparent coating 
fused to surface 

6 Nonlustrous glaze: transparent coat- 
ing with a matte finish 

7. Ceramic color glaze: solid or mottled 
with gloss or matte finish; wide range 
of colors 



1 . Bricks are graded based on their susceptibility to weathering. Local practices should 
be investigated to ascertain the impact of weathering on specific grades of brick. 

2. Building (common) brick is the standard clay masonry unit used in construction, and 
most sizes conform to a module based upon 100 mm (4 in) (Table 840-2). 

3. Facing brick is used where an exposed brick face is desired. The dimensions of facing 
brick are the same as for building brick (see Table 840-2). 

4. Paving brick is manufactured with high compressive strength and low absorption, 
thereby constituting a durable brick material suitable for paving. Paving bricks are 
available in a variety of sizes, grades and colors (Table 840-3 and Table 840-4. 

5. Joints should be compressed and tooled to force the mortar tightly into the pint and 
ensure Impermeability. Joints should not allow for the collection of water. 



8 Polychrome finish: two or more col- 
ors applied and burned separately 

Size Variation: Shrinkage in clays varies 
from 4.5 to 1 5 percent during the process 
of drying and firing and increases with 
higher temperatures. Some variation 
between dark and light units is inevitable. 
Therefore, industry specifications include 
tolerances in size and color. 

2.2 Brick 

Over centuries and in different parts of the 
world brick sizes have varied . More recent- 
ly there has begun to develop some com- 
mon nomenclature and dimensions for var- 
ious parts of the world For instance, since 
1993 brick manufactures in the USA have 
adopted standard nomenclature for brick to 
cover roughly 90 percent of all sizes cur- 
rently manufactured in the USA. These are 
shown in Table 840-2. Users of brick out- 
side of the USA should seek information on 
what are the local standards and nomencla- 
ture for brick and other clay products. 

Building Brick (ASTM C62): 

Building (common) brick is the standard clay 
masonry unit used in brick masonry con- 
struction. Most sizes conform to a module 
based upon 100 mm (4 in) (Table 840-2). 

Facing Brick (ASTM U16): 

Facing brick is manufactured with stringent 
tolerances for size, warpage, chippage, and 
color and is used where an exposed brick 
face is desired. The dimensions of facing 
brick are the same as for building brick (see 
Table 840-2). 
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Table 840-2. SIZES OF MODULAR BRICK 







Nominal Dimensions, 


in <Mi'. 


Joint 


Manufactured Dimensions, in (cm) 


Modular 
Coursing, 
in (cm) 


Unit 
Designation 




T 


H 


L 


in (cm) 


T 


H 


L 


Standard 
modular 




4(10 lb) 


2* (6.77) 


8 (20.32) 


* (0.951 
ft (1.27) 


314(9.21) 
3* (8.89) 


211 (5.72) 
2n 15.72) 


754(19.17) 
7* (19.05) 


1C ■ H 

(20.12) 


i nsnneer 
modular 


s 


4 (10.16) 


3*18.111 


8(20.32) 


*(0.95) 
* (1.27) 


3* (9 21) 
3* (8.89) 


2'M6.8.i) 


7* (19.37) 
7ft (19 05) 


5C = 16 
(40.64) 


( Insure 

modular 




4 (10.16) 


4 (10.16) 


8(20.321 


* (0 95) 
» (1.27) 


3* (9.21) 
3* (8.89) 


3* (9 2 1 1 
3* (8.89) 


7* (19.37) 
7ft (19.05) 


IC m A 

[10 16) 


Roman 




4(10.16) 


2 (5.08) 


12 (30,50) 


%(0.95) 

ft ( I .//) 


3% (9.21) 
3* (8.89) 


1% (4.13) 
1 * (3.81 ) 


1154 (29 551 
11* (29.23) 


2C - 4 

(10.16) 


Norman 




4 (10 16) 


2* (6.77) 


12 (30.50) 


% (0.95 1 
* (127) 


3% (9 21) 
J* (8.891 


2H(5.72) 
214 (5 72) 


1154 (29.55) 
11*129.2.1) 


3C = 8 

(20.32) 


Norwegian 

or 

Lngiiieer 
Norman 




4(10 .16) 


3S(8.tl) 


12 (30.50) 


* (0.95) 

* (1.27) 


3* (9.211 
3*18.89! 


I*. #131 
2'/* (6.83) 


11* (29.55) 
11)4(29.23) 


SC - 16 

(40.641 


lionnmy 
12 or 

jumbo 

uiiliti 




4 no ir.) 


4 (10.161 


12 (10 50) 


%(<).4S) 
It (1.27) 


154 (9,21) 
3* 18.89) 


3* (9.211 
i- !Jl K9| 


1154(29 5S) 

Hft(29.21l 


1C = 4 

(10,16) 



Triple 




4(10.161 5* (11.551 12(10,50) 14(0 95) 154(9.211 

16(1271 1MB 89) 



4*,»(12.55l 1154129.551 IC = l« 
4'^ 112.21) 11* (29.2 II (40.641 



o 

o 



sen brickS 




6 (15.24) 2* (6 77) 12(3(1 501 M0 951 55*114 29 ) 2f. (5 721 

* 11.27) 5*113.97) 2)4(5.72) 



• Although the coring types shown are typical for solid units, the/ do not necessarily apply to the specific types of 
units with which they are shown above Types will vary between manufacturers. Values shown in parentheses are 
metric dimensions 

1 1" = 2.54 cm 
l' = 0.1m 

t Nominal dimensions refer to the manufactured width of a unit plus the width of a mortared |Oinl. 
§ Reg. U.S. Patent Office. SCPI (BIA). 

Source; Modified from data provided by tile Brick Institute of America. Reslon, VA. 



1 15* (29.55) IC - 8 
II* (29,23) (20.12) 
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Table 840-3. SIZES BRICK PAVER UNITS' 



Face Dimensions 
(Actual Siie) 


Thickness, m 


Paver Face 
Area, (in J 


Paver Units, 
per rt 


Width, in 


Length, in 


1 


8 


The unit thic kness of brick 


32.0 


4.5 


3* 


8 


pavers vanes. The mosl 


inn 


4H 


3* 


7* 


popular Ihicknesses are 


276 


5.2 


3 ft 


6>« 


2H and 1*. The range 


32.0 


4.5 


J* 


7* 


ol thickness is generally 


30.0 


4 fl 


3* 


7ft 


from ft- 2 h. 


28.2 


5.1 


3% 


7* 




29 1 


5.0 


3* 


11* 




42 1 


3 4 


3% 


8 




29.0 


5.0 


3* 


lift 




42.6 


M 


3¥* 


8 




28 5 


5.1 


3% 


7* 




27.1 


5.3 


3» 


7» 




26.3 


5.5 


3% 


7» 




25.3 


5.7 


4 


4 




16.0 


9.0 




6 




16.0 


4.(1 


7* 


7% 




58.1 


2.5 


7* 






60.1 


24 


B 


a 




64.0 


2.3 


ft 


16 




128(1 


11 


12 


12 




144,0 


1,0 


If. 


16 




256.0 


0,6 


6 


6 hexagon 




31 2 


46 


fl 


8 hexagon 




55.4 


2.6 


12 


12 hexagon 




124 7 


1.2 



■ This table does not include provisions lot waste Allow at least 5'Ki tor waste and breakage Also, it is 
not a complete list but does provide those si/es most i ommonly available Consult manutai turers for 
availability oi si/es and colors. 

Source Brick Institute of Amenta. "Brick Floors and Pavements. Pan II,' Technical Note 14A. 1975 








WEATHERED 
(FAIR) 





(GD0P) 
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Table 840-4. GRADES AND TYPES 
OF PAVING BRICK (ASTM C902-79a) 



Grade- Um: 




for use where brick is expected 




10 be frozen while saturated 


Sx 


with water 




For exterior uie where resistance 


Mx 


to freezing is noi a tarior 




f r\r inturicir ikp .inH uinpn .1 
r ui ii i|ci iui u jv ill itj t»ii~m n 




sealer or coating will be 




applied to prevent infiltration 


Nx 


of dirl 


Type* 


Use 




1 nr ii-.!- when exposed lo 




extensive abrasion, such as in 


1 


driveways and enlranceways 




For use when intermediate levels 




of traffic are expected, such as 


II 


in walkways, etc 




For use when low levels of traffic 




are expected, such as in 


III 


patios, terraces, etc. 



Table 840-5. STANDARD SHAPES AND SIZES OF ARCHITECTURAL TERRA- 



Machine-Made Extruded Terra-Cotta 



ADHESION type ■ 
NOT OVER Ap 



* Based on durability 
t Based on traffic. 

Source: Adapted from ASTM, Designation C902, 
Philadelphia, Pa., as reprinted in Brick Institute of 
America, "ASTM Standard Specifications for Brick 
and Applicable Testing Methods for Units and BIA 
Standard Specification for Portland Cemenl — 
Lime Mortar for Brick Masonry, BIA Designation 
MI-72, "July 1981 



T 



ANCHOR I 
type - not 
LESS THAN 



RETURN 



Width Height Thickness 


5K in 


2 flO in 


314 in 


7fcin 


2 ft in 


1H m 


1 1*. in 


2 ft in 


3>i in 


I fl 2* in 


2 ft 2 in 


3ft in 


1 ft 3* m 


2 fl 2 in 


314 in 


1 ft 5* In 


2 ft 2 in 


3)1 in 




5* in 


2 ft in 


1 It in 


7* cn 


2 ft in 


IK in 


11* in 


2(10 in 


1ft in 


1 ft 2*. in 


2 ft 2 in 


IK in 


1 ft VU in 


2 fl 2 in 


IK in 


1 It 5* in 


2 fl 2 in 


IK in 



Handmade Terra-Cotta Thickness and Web Dimensions 



hiHELL 1/8" MIN 



^ WEB 1 1/8" MM. 
FACE 

SHELL r MM 



OPEN 
BACK 




■ In adhesion types any one dimension is not lo be greater lhan 30 in. and maximum outer face area is 
limited lo 540 in J Anchor type veneers can possess larger dimensions and superficial area. 
Source. Caleb Hornboslel, Construction Malerra/s, Wiley, New Vork. 1981 



C 
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Unfired "green" brick that can be 
obtained from the brick manufacturer and 
used to create bas-reliefs on walls, paved 
surfaces or free-standing sculptures. The 
carving is done on the unfired "green" 
brick which may be of any standard or spe- 
cial size. Some brick companies have 
developed special clay units for creating 
such sculptures. After the carving is done, 
each brick is numbered on the back and 
then put through the regular brick drying 
and firing processes. The finished products 
are then packaged to be taken to the site 
for installation. 

Paving Brick (ASTM C902) and Paving 
Tile for Pedestrian and Light Traffic : 

Paving brick and paving tile are manu- 
factured with high compressive strength 
and low absorption, making them a durable 
material suitable for variety of types and 
patterns of paving. Some of the standard 
formats and dimensions for paving brick 
and tile are given in Table 840-3. Table 
840-4 shows the grading system used for 
paving brick and tile. 

2.3 Architectural Terra-Cotta 
(Ceramic Veneer) 

Terra-cotta is used as an exterior veneer. 
Modern ceramic veneer refers to a 
machine-made product shaped by extrud- 
ing plastic clay through dies (Table 840-5). 
Handmade terra-cotta is molded or 
pressed Both are custom-made products, 
available in a wide variety of colors and 
manufactured to conform to job specifica- 
tions. Table 840-5 shows both handmade 



and machine-made shapes and sizes of 
architectural terra-cotta. 

2.4 Brick Unit Positions 

Specific terms are given to brick units, 
depending on their position in a wall struc- 
ture (Figure 840-2). 

2.5 Jointing 

Joints that exhibit the highest degree of 
watertightness are those that are com- 
pressed and tooled, thereby forcing the 
mortar tightly into the joint. Joints that are 
made with a small shelf on the lower edge 
or with protruding mortar should be avoid- 
ed because they tend to collect water and 
are more permeable (Figure 840-3). Figure 
840-4 illustrates the various terms applied 
to joints in the construction of brick walls. 



3.0 CONCRETE MASONRY 



3.1 General Classification and 
Properties: 

Molded concrete masonry units are typical- 
ly classified into three groups: concrete 
brick (solid), concrete block (solid and hol- 
low), and special units. Manufacturers for 
each type of concrete material or product 
should be consulted to seek their sugges- 
tions on how to use one or more of their 
materials or standard, new or custom prod- 
ucts. Typlically, they offer data on the 
range of shapes, sizes, finishes, product and 
installation specifications, etc. 

Grades: All load-bearing concrete 
masonry units are classified into one of two 
grades (ASTM). Units classified as grade N 



oncrete Masonry 



1 . Molded concrete masonry units are classified into ASTM grades based on their resis- 
tance to weathering, and types based on moisture content and potential shrinkage. 

2. All units intended for exposed, exterior walls should have low water absorption 
properties, and mortar joints should be tooled for watertightness. 

3. Concrete building brick (ASTM C55) is manufactured as a solid unit, often with a 
frog to provide a stronger bond with the mortar. 

4. Concrete block is available as load-bearing units (solid or hollow) and non-load- 
bearing units (hollow). 

5. Special units, such as split- face blocks, faced blocks, and decorative blocks are avail- 
able to provide attractive surfacing for concrete masonry structures. 

6. Concrete pavers are available in a variety of colors, shapes and sizes, and include 
interlocking and turfblock pavers (Figure 840-12 and Figure 840-13). 

7. Joints should be compressed and tooled to force the mortar tightly into the joint and 
ensure impermeability. Joints should not allow for the collection of water. 




KtOULAK 





Figure 840-5. Standard sizes and 
shapes of concrete building brick. 




SLUMP 



BLOCK 



Figure 840-6. Standard shapes and 
sizes of slump brick and block.. 

are suitable for general use, such as exteri- 
or walls, for below- or aboveground work 
that may be exposed to moisture penetra- 
tion or weathering, and for interior and 
backup walls. Units classified as grade S are 
limited to use above-grade, in exterior walls 
with weather protective coatings, and in 
walls not exposed to the weather. Grades 
are further classified by type. 

Types: Type refers to load-bearing and 
non-load-bearing units manufactured to 
ASTM specified limits of moisture content. 
Type I units are restrictive in terms of max- 
imum moisture content and potential 
shrinkage. Units not restricted to moisture 
content are designated type II 

The physical properties of concrete 
masonry units are determined by the hard- 
ened cement paste and the type and gra- 
dation of aggregate used in their manufac- 
ture. 

Compressive Strength: Measured by the 
amount of stress placed perpendicularly to 




f 

**K »fg. 



Figure 840-7. Standard shapes and 
sizes of solid load-bearing concrete 
masonry units. 
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REGULAR STRETCHER 




REGULAR STRETCHER 



THREE-CORE UNITS 





ONE PLAIN END 
(SINGLE CORNER) 




ONE PLAIN END 
[SINGLE CORNER) 





B01H ENDS PLAIN 
(DOUBLE CORNER OR PIER] 




80 IM ENDS PLAIN 
(DOUBLE CORNER OR PIER) 





DOUBLE 



SINGLE WITH SASH CORNER 



BULLNOSE UNITS (RADIUS VARIES 1 TO 3 IN) 






TWELVE INCH 



RETURN OR CORNER ANGLE UNITS 



o 

cd 

o 





Figure 840-8, Standard shapes and sizes of 
concrete block 



CONTROL JOINT UNITS 
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the loading plane, based on gross bearing 
area, including core spaces. 

Water Absorption: A measure of the 
density (pores and pore structure) of con- 
crete. All units intended for exposed, exte- 
rior walls should have low water absorption 
properties, and mortar joints should be 
tooled for watertightness. 

Volume Changes (Thermal Expansion 
Coefficient): Volume changes are often due 
to changes in moisture (i.e., units expand 
when wet and contract when dry). This 
problem arises when improperly cured units 
are used, but it can be reduced by using 
high-pressure steam curing in the manufac- 
turing process and by adjusting the mois- 
ture content of the unit in response to the 
relative humidity at the job site. Volume 
changes are also due in part to changes in 
temperature, which primarily affects the 
aggregate used. 

Texture: Textures range from very 
smooth to rough and uneven. Open sur- 
face textures help to absorb sound. 

Color: A wide range of colors is possible 
by mixing pure mineral oxide pigments 
with the concrete before molding it into 
various units. 

3.2 Concrete Brick (Solid) 

Concrete building brick (ASTM C55) is 
manufactured as a solid unit with or with- 
out a shallow depression called a frog 
(Figure 840-5). The frog reduces the 
weight of the brick and produces a better 
mechanical bond when laid in mortar. 
Modular dimensions typically are 100 mm 
(4 in) in width and 200 mm (8 in) in length, 
allowing for 9.5-mm (3/8-in) mortar joints. 

Slump bricks and blocks are irregularly 
faced units which vary considerably in 
height, surface texture, and general 
appearance (Figure 840-6). A unique irreg- 
ular wall surface is attained by using these 
units. 

3.3 Concrete Block 

Concrete block is manufactured in three 
classes: solid load-bearing units, hollow 
load-bearing units, and hollow non-load- 
bearing units. 

Solid Load-Bearing Units: (ASTM 
C145) refer to those units with at least 75 
percent net area in cross section Figure 
840-7 gives formats and dimensions of 
solid load-bearing masonry units. 

Hollow Load-Bearing Units: (ASTM 
C90) refer to hollow units whose face shell 



and web thickness conform to specific 
dimensions. A nominal modular dimension of 
200 mm x 200 mm x 400 mm (8 in x 8 in x 
16 in) is produced with 9.5-mm (3/8-m) 
mortar joints. Half-length and half-height 
units are also available Figure 840-8 shows 
standard formats and dimensions of hollow 
load-bearing concrete units. 

3.4 Special Units 

Split- face blocks are solid or hollow units 
that are split lengthwise to produce a rough 
texture. Units are laid with the split face 
exposed Figure 840-9 shows standard for- 
mats and dimensions of split-face blocks. 

Faced blocks are units with ceramic 
glazed, plastic, polished, or ground faces. 
The facing is produced during a separate 
operation after the blocks are produced. 

Decorative blocks are manufactured in 
different forms with beveled face-shell 
recesses that produce decorative effects on 
wall surfaces (Figure 840-10). Figure 840- 
1 1 shows various types of screen wall units 

3.5 Concrete Pavers 

Concrete pavers are units of various shapes 
and sizes used for paving (Figure 840-12). 
These pavers possess low absorption and 
high compressive strength characteristics in 
order to resist breakage from freeze/thaw 
cycles and to withstand loading from 
pedestrian and light vehicular traffic (Table 
840-6). Dimensional tolerances in units of 
the same pattern must fall within 1.6 mm 
(1/16 in) of the approved unit pattern stan- 
dard because a proper fit is necessary for 



the proper transfer of loads through a 
pavement surface. 

Commonly used colors of concrete 
pavers are gray, red and brown. Other col- 
ors include blues, greens, and other bright 
colors, but these tend to fade with age. 
Beveled edges help to hide irregularities in 
surface and to prevent sucking of sand 
from joints. 

Figure 840-12 shows typical formats and 
dimensions of concrete pavers, some of 
which are referred to as interlocking pavers. 
Figure 840-13 shows two types of grid 
paving that allow vegetative growth to 
occur in the interstitial spaces. 

3.6 Jointing 

The typical joints and weathertightness of 
brick masonry is applicable to joints used in 
concrete masonry construction. 

3.7 Typical Uses of Concrete 
Masonry Units 

Typical uses for concrete masonry units are 
outlined in Table 840-7. 



4.0 STONE MASONRY 



4.1 General Classification and 
Properties: 

Stone is commonly classified into a number 
of categories based on appearance and use: 

1 Fieldstone: naturally fractured and 
weathered masses of varying shapes and 
sizes. 



Time-Saver Standards for Landscape Architecture 



840-10 




Time-Saver Standards for Landscape Architecture 



840-11 




Figure 840-11. Standard shapes and sizes of screen wall units. 



2 Rubble stone: irregular stone frag- 
ments with at least one good face, from 
quarrying operations. Usually within dimen- 
sions of 300 mm x 600 mm (1 ft x 2 ft). 

3. Dimension stone: (cut stone, ashlar): 
cut at the quarry or mill to specified dimen- 
sions and finished. Ashlar is a smaller rec- 
tangular dimension stone with flat faces 
and sawn edges. 



4 Monumental stone: either rough or 
finished; used for monuments, grave- 
stones, etc, 

5. Flagstone: flat thin stones [25 to 50 
mm (1 to 2 in) thick], irregular or cut to 
dimension. Commonly used for paving. 

6. Crushed and broken stone (graded and 
sized): Crushed stone usually varies from 6 
to 54 mm (1/4 to 2-1/4 in) in diameter and 
consists of one type of rock. Used alone or as 
an aggregate in concrete or asphalt. 



one Masonry 



1. Granite is difficult to finish and relatively expensive Typical uses include building 
veneer, pavers, curbing, crushed stone, and granite dust. 

2. Limestone is chemically reactive and should not be used in areas of industrial fumes, 
smoke, acids, areas where hard impacts may occur, or in places where oil and grease 
may contact and readily be absorbed by the limestone. It should be waterproofed 
or isolated by a waterproof membrane if it touches the ground to prevent staining. 
Typical uses include building veneer, ashlar or flagstone walls, pavers, crushed aggre- 
gate, and limestone dust. 

3. Marble is available in four quality grades, based on flaws and working difficulties. It 
is chemically reactive and should not be used in areas of industrial fumes, acids, or 
air pollution or where severe weather can be expected Typical uses include veneer, 
monuments, and crushed aggregate. 

4. Sandstone serves well as a nonslip walking surface. Typical uses include veneer, 
pavers, cut stone, and rubble. 

5. Slate is strong and durable, with high tensile strength, and is typically available in 
colors of red, purple, green, black, and gray. Typical uses are flagstones for paving or 
walls, and roofing slate 

6. Fine or polished stone surfaces may be slick in wet conditions if used as a paving material. 

7. Joints should be compressed and tooled to force the mortar tightly into the joint and 
ensure impermeability. Joints should not allow for the collection of water. 



7 Stone dust or powder: graded parti- 
cles from a crushing process [less than 6 
mm (1/4 in) in diameter]. Commonly used 
as a surfacing or as a bedding material for 
pavers, etc. 

Properties of Stone Masonry Units: 

The physical properties of common types of 
stone are outlined in Table 840-8. 

4.2 Common Types of Stone 

Table 840-9 lists various types of stone 
commonly used in construction and their 
characteristics. Manufacturers or suppliers 
for each type of stone material or product 
should be consulted to seek their sugges- 
tions on how to use one or more of their 
materials or standard, new or custom prod- 
ucts. Typlically, they offer data on the 
range of shapes, sizes, finishes, product and 
installation specifications, etc. 

Standard formats, dimensions, grades, 
and typical finishes for each type are 
described below. 

Granite. It is a hard, strong, durable, 
impervious, igneous rock with a fine-, 
medium-, or coarse-grained appearance- 
Granite is very difficult to finish and the 
costs can be high. Typical uses include 
building veneer, pavers, curbing, crushed 
stone, and granite dust. Grades and dimen- 
sions of granite masonry units are given in 
Table 840-10. 

Limestone. The properties of limestone 
are highly variable, depending on the type 
of cementing agent. Limestone is chemical- 
ly reactive and should not be used in areas 
of industrial fumes, smoke, or acids, in areas 
where hard impacts may occur, or in places 
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Figure 840-12. Typical concrete pavers. Typical thicknesses include 2Vj in. 3'/a in. 

and 4 in. Manufacturers should be consulted lor other shapes and sizes, specifications 
for installation, and product specifications. 





Figure 840-13. Grid or grass 
blocks. 
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Table 840-6. SPECIFICATIONS FOR CONCRETE PAVERS (ASTM 938-82) 



Minimum 



Strength of 
Individual 
Strength, psi Unit, psi 



Absorption 
le in Block 
Weight After 



Absorption of 
Individual Unit 
(Increase in Block 
Weight After 



8000 



Not greater lhan 5% 



Nol greater than 7% 



Source American Society for Testing and Materials, Annual Book of ASTM Standards. Philadelphia. Penn- 
sylvania 



Table 840-7. TYPICAL USES OF CONCRETE MASONRY UNITS 





Function of Walls 










Load- 




Concrete 


Retaining 


Foundation 


Reinforced 


Bearing 


Non- Load -Bearing 


Brick 












Common 


* 


* 


* 


* 


■ 


Fate 


* 




* 


• 


* 


Block 












Solid 


* 


• 




* 




Hollow load-bearing 


# 


* 


• 


■ 




Hollow non Inad-bearinR 










• 


Screen 










* 


Gia/ed 






• 


• 


• 


Prefab panels 








■ 


* 



Source Sweet*] Seler/ion Data Stone and Masonry. McGraw-Hill, New York 



Table 840-8. IMPORTANT PROPERTIES OF COMMON STONE TYPES 



Properties 





Absorption 
by Weight. 
Maximum, 


Density, 
Minimum 
lb/ft u 


Compressive 
Strength, 
Minimum, 
psi- 


Compressive 
Strength, 
Minimum. 

psi' 


Modulus of 
Rupture, 
Minimum, 
psi" 


Abrasion 
tesistance. 
Minimum, 
Ha' ' 


ASTM Specifications 


Granite, all grades 


0.4 


160 


19,000 


20,000-16,000 


1500 


NA* 


ASTM C615-80 Standard Specification 
















for Granite Building Stone 


Limestone 
















Category 1— low density 


12 


110 


1,800 


2.600 


400 




ASTM C568-79 Standard Specification 
















for 1 imestone BuildmR Stone 


Category II- medium 


7.5 


135 


4,000 


to 


500 


10 




density 
















Category III -high density 


3 


160 


8,000 


20.0011 


1000 






Marble 
















Croup A 


75 


144 




8,000 




10 


ASTM CS03-79 Standard Specification 






to 


7.500 


to 


1000 




tor Marble Building Stone 


Groups B. C, and D 




175 




23.000 








Sandstone 
















Standard — sandstone 


20 


140 


2,000 


■,<XX) 


100 




AS 1 M C61 b-80 Standard Specification 
















lor Sandstone Building Stone 


Quartzile — quartzitic 


3 


150 


10,000 


to 


(OOfl 


8 




sandstone 
















Bluestone -quart/ite 


t 


160 


20,000 


20,000 


2000 






Slate— structural 
















Exterior 


0.25 






10.000 


9000 




ASTM C629-80 Standard Specification 






NA 




HI 


across 


8 


for Slate Building Stone 


Interior 


0.45 






15,000 


grain 
7200 along 







" When tested in accordance with ASTM C97 

h Range when lested in accordance with ASTM CI 70 

' Common range of available stones. 

* Range when lested in accordance with ASTM C99, except lor slate, 
which is tested in accordance with ASTM CI 20 



' Ha refers to the abrasive hardness value which is the reciprocal of the volume of 
material abraded multiplied by 10. 

1 When lested in accordance with ASTM C241 . 

« Not available or nol established in cited ASTM Standard Specifications. 
Source Sweet's Selection Data Stone and Masonry. McGraw-Hill, New York 



Time-Saver Standards for Landscape Architecture 



840-14 



Table 840-9. TYPES OF STONE USED IN CONSTRUCTION 

Characteristics 



Common Type of 

Name Stone Texture Appearance Color 



Black granite 


Igneous 


Fine to coarse-grained. 


Generally uniform 


Black 


(traprock) 




polished 






Bluestone 


Sedimentary 


Smooth to rough 


Unilorm 


Blue-gray 


Granite 


Igneous 


Fine to coarse-grained. 


Generally uniform, some colors have 


Wide range of colors: while and 






polished 


spots, veins, and variations in 


black 


Limestone 


Sedimentary 


Finegrained 


gram 
Uniform in color 


Bull gray 


Marble 


Metamorphu. 


Fine-grained, polished 


Uniform or with wide variations ol 


Wide range of colors; while and 








veining and colors 


bl.uk 


Sandstone 


Sedimentary 


Rough 


Generally uniform 


White, gray, yellow, brown, red 


Slate 


Metamorphic 


Smooth to rough 


Generally uniform 


Blue, gray, green, reddish 


Soapstone 


Metamorphic 


Smooth to rough 


Generally uniform 


Gray, green, blue 


Travertine 


Sedimentary 


Smooth to rough, also 


Irregularly shaped pores 


Gray, while, buff 






polished 







Source. Caleb Hornbostel, Construction Materials. |ohn Wiley & Sons. New York, 19H1 



Table 840-10. GRADES AND DIMENSIONS OF STONE MASONRY UNITS 





Rubble, Chunk 


Ashlar 




Flags, Pavers' 


Thickness 
Range, In 


Face 
Dimensions 
(S.F.) 
Average 
Range 


Thickness 
Range, in 


Face 
Dimensions 
Range 


Rise Range, 

in 


Thickness 
Range, in 


Face 
Dimensions, 
Common 
Limits, ftt 


Thickness 
Range, in 


Maximum 
Face Area 

R S ' F0 


Granite, all grades 


ft IK 


IS > 


4-12 


»-lf)ft* 


4 -13, Ifttn 
increments 


lft-4and 
over 


4 X 10 


1K-) 


4 lb 


Limestone 
Category 1 low 
density 

Category II - medium 
densily 

Category III — high 
density 


Mr-4 


1-5 


3li-6 


Length: 
10 thin 


in 

7* 


1 

i 


5X14 


1 1 

2* 


lb 


Marble 
Group At 

Groups B. C. and D4 


K-3 


1 4 


*-2 




2* 
S 

7* 


*-2 


6X7 


to 
1 


1 2 


Sandstone 

Standard —sandstone 

Quartzite - quartiitic 

sandstone 
Bluestone quarUite 


IHj-S 
1-4 


1 A 


A 

4-12 


Heighl 
« 14 in 
Length 
B-.1H in 


214, V 7* 


2U- 1 
It 2 


4 x in 


H t 
% 2 


1 A 
1 111 


Slate —structural 
Exterior and intenoi 












1 1 v. 


4 X H 


It 2 


Over 4 



o 

o 



■ Si7es and thicknesses shown are onlv indu ative ol some nf the sizes and thicknesses generalU um-H and Ho nol 
iiii|ilv si/e and/or thickness limitation* Intended use and si/e will generally dictate minimum llm kness In .ill 
instances consul! industry associations or individual manufacturer* before making final decismns 

t Larger sizes may lie available 

t Unilorm and good working quality: exterior or interior use 

9 Grades with increasing amounts of laults and more uncertain winking qualify; mainl) tor interji H u*e 
Source Sweet \ Selection Data Slone and Masonry. McGraw Hill, New York. 
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1 Mortars are produced in various types, each composed of a unique combination of 
ingredients and used for a specific masonry task (see Table 840-14). 

2. Bond strength is the most important property of hardened mortar and is affected 
as follows 

a) As the air content is increased, the bond strength decreases. 

b) As the flow increases, the bond strength increases. 

c) As the lapsed time between the spreading of mortar and the laying of units 
increases, the bond strength decreases. 

3 Mortar is colored either by the use of colored aggregate or by pigments. Organic 
colors, such as Prussian blue, cadmium, lithopone, zinc chromate, and lead chromate 
should be avoided because of their potential toxicity. 

4. The maximum permissible quantities of metallic oxide pigments are typically 10 to 

1 5 percent of the cement content by weight Carbon black should be limited to 2 to 
3 percent of the cement content by weight. 

5. A number of types of reinforcement are available in both ladder and truss configura- 
tions (see Table 840-16). The spacing and sizes of the masonry units need to be 
determined in order to select the proper reinforcement. 

6. See Section 830: Concrete for a discussion of reinforcing bars. 



where oil and grease may contact and read- 
ily soil the limestone. Typical uses include 
building veneer, ashlar or flagstone walls, 
pavers, crushed aggregate, and limestone 
dust. Grades and dimensions of limestone 
masonry units are given in Table 840-10. 

Marble: It is a metamorphosed lime- 
stone that can be polished and is relatively 
expensive. Grades range from a uniform 
material with a minimal number of defects 
and variations (grade A) to grades with 
increasing numbers of flaws and working 
difficulties (grades B, C, and D). Despite the 
flaws, grade D often has the most beautiful 
colors. Marble is chemically reactive and 
should not be used in areas of industrial 
fumes, acids, or air pollution or where 
severe weather can be expected. Typical 
uses include veneer, monuments, and 
crushed aggregate. Grades and dimensions 
of marble masonry units are given in Table 
840-10. 

Sandstone: It is composed of sand that 
has been naturally cemented together. 
Strength and workability characteristics 
vary, depending on the cementing agent. 
The gritty surface of sandstone serves well 
as a nonslip walking surface. Typical uses 
include veneer, pavers, cut stone, and rub- 
ble. Grades and dimensions of sandstone 
masonry units are given in Table 840-10. 

Slate: It is metamorphosed shale that 
cleaves easily into thin slabs. The material is 
strong and durable, with high tensile 
strength, and is typically available in colors 
of red, purple, green, black, and gray. 
Typical uses are flagstones for paving or 
walls, and roofing slate. Grades and dimen- 
sions of slate masonry units are given in 
Table 840-10. 

4.3 Common Finishes for Stone 
Masonry Units 

Table 840-11 describes typical finishes and 
their general availability for various stone 
masonry units. Fine or polished stone sur- 
faces may be slick in wet conditions. Table 
840-12 lists the colors of various building 
stones commonly available. 

4.4 Jointing 

The typical joints and weathertightness prin- 
ciples of bnck masonry jointing are also 
applicable to joints used in stone masonry 
construction . (See 2 .5 Jointing in this section) 

4.5 Typical Uses of Stone Masonry 
Units 

Typical uses for various stone types are out- 
lined in Table 840-13. 



5.0 MORTAR AND 
REINFORCEMENT 



5.1 Mortar 

Mortar is produced by mixing cementitious 
materials, clean well-graded sand, and 
water. Basic functions of mortar are to: 

1. Bonds units together and keeps 
out rain 

2. Compensates for size variation in 
masonry units (depending on the 
thickness of joints) 

3. Allow use of metal ties and reinforc- 
ing as an integral part of the wall 

4. Provide color or texture for aesthetic 
reasons 

Mortars are produced in various types, 
each composed of a unique combination of 
ingredients and used for a specific masonry 
task. Table 840-14 lists types of mortar and 
their common uses. 

Sand Gradation Limits for Mortar: 

Sand must be mixed according to specific 
gradation requirements to produce a mor- 
tar with smooth workability and proper 
strength (Table 840-15). 

Plastic Properties: 

While wet, mortar possesses the following 
plastic properties: 



1. Workability: a uniform, cohesive, 
and usable consistency; resistant to 
segregation 

2 Water retention: prevents loss of 
plasticity and bleeding 

3 Initial flow: indicates the flow of 
mortar and is required to be 1 30 to 
150 percent of the flow after suction 

4 Flow after suction: indicates the flow 
of mortar after loss of water due to 
contact with an absorbent masonry 
unit 

Hardened Properties: 

Once hardened, mortar should possess the 
following properties to provide a strong, 
watertight, durable wall: 

1 . Bond strength: this is the most impor- 
tant property of hardened mortar and 
is affected as follows: 

a. As the air content is increased, 
the bond strength decreases. 

b. As the flow increases, the bond- 
strength increases. 

c. As the lapsed time between the 
spreading of mortar and the laying 
of units increases, the bond 
strength decreases. 

2 Compressive strength: depends upon 
the amount of portland cement in the 

mix. 
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Table 840-11. TYPES AND AVAILABILITY OF STONE FINISHES 



Types of Stone Finishes 



Type of Finish 

Broached 

Carborundum 

Chat-sawed 

Hand-tuuled 
Honetl 



Machine-tooled 
or tooled 

Pluc ked 



Rock-faced 

Rusticated 

Sand-sawed 
Shot-sawed 

Smooth mac hine 

Spltl-faced 

Textured 
Li 8 hl 

Medium 



Rough 



Thermal 
Wet rubbed 



How Made 



Produced by planing, the planer cuts out 
smooth valleys with a rough surface 
between valleys 

Cut hy Carborundum-type planer 



By using a coarse abrasive during gang 
sawing 

fly hand with various types ol tools 
Machine-rubbed with tind sand and water 



Cut by machine in only one direction, by 
hand in the other direction 

By rough-planing the surface and 
breaking or plucking out small particles 

Sawed lop and bottom: exposed lace, a 
natural split dressed by machine 

Rustication done by mac hine, but 
surfaces that cannot be made by 
machine are done by hand 

Gang saw only; no other finishing work 

Gang saw. using sleel shot for abrasive 



By planers 

Sawed lop and bottom, exposed Nice a 

natural split when stone is broken 
Cul hy machine 



Cut by mac hine in one direction 



Cul by machine in one direction 



Flame covers surface 

Machine-rubbed with fine sand and water 



Appearance 



Rough -ribbed texture with smooth 
valleys 

Very smooth finish 



A coarse, pebbled surface 



Various types of finishes having 

handmade appear.im c 
Superfine, smooth tmish 



Two, four, six, and eighi parallel 
concave or convex grooves to the 
inch (2S 4 mml 

Rough texture 



Rough, irregular texture 
Extra deep joint effect 



Granular surface containing saw 
marks, moderately smooth 

Medium-rough pebbled surface to a 
surface with irregular, rough, 
parallel lines, brown tones obtained 
from rust stains from ground steel 
shot 

Relatively smooth with a certain 

amount of texture 
Rough, irregular texture 

light textures, varying from slight 
texture to various vertical ribbing, 
minimum thickness 3& in (63. S 
mm) 

Various types and combinations of 

vertical fibbing, minimum thickness 

3S in (63.5 mm) 
Various lypes and combinations of 

vertical ribbing, minimum thickness 

4 in (101.6 mm| 
Varies depending on grain ot stone 
Smooth finish 



Major Use 



Cut stone, panels, and 
preassembled units 

Cut stone, molded stone 

surfaces, and preassembled 

units 
Cut stone, panels. 

preassembled units, and 

ashlar 

Confined to small, important 
areas because of cost 

Cut stone, molded stone 
surfaces, and preassembled 
units 

l ypes ol ashlar only 



Cut stone, molded stone 
surfaces, and preassembled 
units 

Types ol ashlar only 

lypes of ashlar, cut stone, and 
preassembled units 

Types of ashlar only 

Types ol ashlar only 



Cut stone, molded stone, and 

preassembled units 
Types of ashlar only 

Cut stone, panels, and 
preassembled units 



Cut stone, panels, and 
preassembled units 

Cut stone, panels, and 
preassembled units 

Cul stone, panels, paving 
Cut stone, molded stone, and 
preassembled units 
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Availability of Finishes 



Type of Stone 


Honed 


Polished 


Rubbed 


Sand-Blasted 


Sawed 


Split -Face 


Textu red 


Therm a! 


tooiea 


Granite 




















Building 


• 


# 


■ 


• 


■ 


» 


• 




■ 


Veneei 


• 


• 


• 


• 


• 




• 


« 


• 


Masonry 










* 


* 


* 




■ 


Limestone* 




















Oolitic 




















Select 


* 






* 


■ 


* 


m 




* 


Standard 


• 




• 


* 


* 


* 


m 






Rustic 








* 


* 


• 


a 




* 


Variegated 










* 


* 


• 




• 


Dolomilit 


• 








* 


* 


■ 




* 




a 


■ 




































Group A 


• 


• 
















Group B 


• 


* 


• 














Group C 


■ 


• 
















Group D 


* 


• 
















Sandstonet 




















Standard 










* 


* 






■ 


Quart zitic 






• 




■ 


• 








QuarUite 






• 




• 


* 








Bluestone 


• 




• 




• 


■ 




* 




CI ■ 

Slate 




















Structural 


* 


• 


• 






* 








Roofing 












• 








Specialty stones 




















Serpentine 


9 


■ 




• 


• 










Soapstone 


• 








■ 


• 








Expanded stone 




















Reconstituted stone 




■ 
















Simulated stonef 


m 



















' Select, standard, and rustn tome in colors ot buff or gray and vary depending on grain coarseness. Variegated 
contains mixture of buff and gray colors as well as grain sizes. 

t Certain OSHA regulations have limited the types of finishes available for sandstone: check local availability 
I Commonly imitates appearance of variegated rubble stone walls. 

Source Adapted from Caleb Hornbostel. Consirucrion Maleriafs, Wiley. New York. 1981 ; and Sweel< Selection Data 
Hone and Mawnry. McGraw-Hill. New York 
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Table 840-12. COLORS OF BUILDING STONE 



Color Ranges 





White 


Cream 


Gray 




Red 


Pink 

1 




Brown 


E 

s 


I 


I 


m 
£■ 

3 


Light 


£ 


Dark 


Black 


Light 


c 
c 

9 

41 


■i 

■ 


1 
1 


Light 


E 
| 

£ 


: Dark 








































DUIK IN Ift 


• 


• 


* 


• 




* 


* 


■ 


* 


* 




a 


* 


• 


■ 


* 


1 




Veneer 


• 


* 


■ 


# 






a 


• 


* 


■ 




• 


* 




■ 


• 


* 




Masonry 


• 


* 


* 


• 




■ 


• 


• 


• 


* 




■ 


* 


* 




* 




LiTnt-'stone 






































\ JDIIIK 






































Selet I 
























a 


• 












Standard 


i 


■ 


■ 


















* 


* 












Rustic 


• 


* 


• 


















* 


* 












Variegated 1 








■ 


* 
























* 




Dolomitic 


* 




• 














* 




* 


■ 








a 




Travertine** 
























■ 














Murblr 




































Croup A r 


• 


* 


• 


* 


* 


* 








• 




■ 










■ 




dronn B' 




■ 










■ 


* 




* 


* 


■ 










■ 




Group C 














• 


* 


* 


* 








* 


* 




■ 




Group D 












* 






* 


• 




• 


* 


• 


* 








Sandstone* 






































i. in-! ,'•! 


■ 


■ 








■ 








• 




* 


■ 


* 






■ 


* 


(Juarlzihc 


i 


■ 








* 








■ 




* 


• 








* 




Quarlzite 


■ 


* 


* 


i 


• 


• 








• 




• 






i 


i 


* 




Rluestone 










* 






















* 


* 




Slate 






































■ 1 i 1' i . . ill 










■ 


a 






* 












* 




* 


* 


R^Jing 










• 


* 






• 












* 


• 


• 


a 


Specialty > ■■■ 






































Serpentine 










* 








• 


■ 




* 


■ 


■ 


* 








Soaps tone 






• 


« 


* 
























a 




Expanded stone 




• 


* 


* 




• 












* 














Reconstituted stone 


* 


* 


• 


■ 


a 




■ 


* 


* 


* 


* 


* 


* 


* 


4 


* 


■ 


■ 


Simulated stone" 


• 





































* Color classifications are generalized and may not be identical for all stone types Colors are dependent on mineral 
deposits at quarries; not all are available at all quarries. 

" Appearance grades (or oolitic limestone obtained from Indiana limestone Institute. Oolitic limestone available 
also from other sources. 
' Travertine. 

rt Travertine is also classified as marble. 

* Only group A marble suitable for exterior use 

' The most colorful and interesting marbles are in groups B. C and D 

» Certain OSHA regulations have limited the types of Mushes available inr sandstone c. hei k lix al availability 

h Commonly imitates appearance of variegated rubble stone walls, colors of simulated stone deijend on choice of 

aggregate and epoxy matrix. 

Source: Sweet s Selection Daw Slone and Masonry. McGraw-Hill. New York 
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Table 840-13. TYPICAL USES OF STONE MASONRY UNITS 



• ■>■>'■»<■ 
Building 
Veneer 
Masonry 
Limestone 
OoIiIk 
Category t 
(low 
density) 
Category II 
(medium 
density] 
Category III 
thigh 
densily) 
Dolomitic 
Category I 
(low 
density I 
Category II 
(medium 
density) 
Category III 
(high 
density) 
Travertine 
Marble 
Croup A 
Croup B, C and 


Sandstone 
Standard 
Quarl/itic 
Quart zite 

Bluestoni- 
Slate 

Strui lural 



Rooting 



Spe< i.illy stones 
Serpentine 
Soapslone 
lava 

Expanded stone 

Shale 

Slate 

Obsidian 
Reconstituted 
Simulated 



Paving and Floors 



9 



Miscellaneous 



I 



Standard 
Reference 
Specifications 



ASTM C61S 



ASTM CS68 



ASTMCSfH 



ASTMC629. 

structural 

slate 
ASTMC406. 
roofing 

slate 



Source- Sweei'i Sefecnon Data Srone s M,nonry, MrCraw-Mill , New Vortt 
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Table 840-14. TYPES OF MOTAR AND THEIR USES 



Type of Mortar 


Variations 


Proportions of Constituents (Parts) 


Sand as Aggregate 


Major Uses 


Cement, Portland 
Cement, or Blast 
Furnace Slag 
Cement 


Masonry 
Cement 


Hu/I rarer) 1 imA 


Lime 
Putty 


M 


0) 


1 


1 


Y. 




Not less than 2>« and nnt 


Heavy loaded and be low- 




(2) 


1 









mnrt' than J times the 


grade masonry 














sum of tlw ■ i -liii'i,' oi 

'UKI , H 1111 I'll 1 \H 


'.. riur trr 1 1 is. 
lUUJtTV ItTIJ \\J Nk,I. '1 '', \ s 














cement and lime used 


exposure. Best for 
















durabilitv and 
















compressive strength 




(1) 




1 








Load* bearing partitions and 




(2) 


1 




Over V, to <i 






above-grade masonry 
















suh|ected to severe 
















exposure Ciood for 
















tensile bond and lateral 
















strength 


N 


(1 i 





1 









l oad- hearing partitions and 




(2) 


1 





Over * to U 






above-grade masonry 
















subletted to les^ severe 
















exposure 


O 


0) 





1 









Interior masonry and 




(2) 


I 





Over H to 216 






above-grade, lightly 
















loaded hearing masonry 
















subjected to exposure in 
















mild climate (above 
















freezing temperature) 


; ime 








1 of either 




J 


Interior non-toad-bearing 










hydrated lime 






work where shrinkage ts 










or lime putty 






not imporlanl 


Nonstaining 




Nonstaining 


. 


», nl the cement 





1 


I imestone. marble. 


k .C? 1 1 Icl II 




Porlland. 1 




and sand 






ff-T.imif wpnppr t?l.i7f*d 
















brick, and block 
















masonry work 


'1 ■■-'.III I. 




Nonstaining 





a 





3 


Cut stone and marble, and 


cement lime 




Portland, £ 










where nonstaining 


Nonstaining 




Nonstaining 




it 




3 


mortar is required 
Where waterproofing is 






waterproof 










required (caps, copings. 






Portland, 1 










sills, etc ) 


uypsum 




Neat-setting 


_ 









f"ivrKfitn ' ili L i * i .- m 






unfibered 










cli- 






gypsum 
















(retarded 4-hr 
















set), 1 












Pnintir\0 

1 ' t 1 1 1 ' 1 1 1 


(1) 


Nonstaining 





Suffn lent amount 




1 white 


Stonework facing 






Portland, 1 




to make as stiff 
















a mixture as 
















can be worked 










(2) 


White nonstaining 






1 


J 


Stonework facing 


'.Mil! 


(1) 


Portland 











1 


Srone or brif k tat inp, 






nonstaining, 1; 










■• 'i ■■■■>!. bearing plates 






Portland, 1 










and railings 






Porlland cement 








2ft to ^ times the sum 01 






or blended 








the volumes of 








cement, i 








cementitious 
















1' 1 • " l.rU 




Coarse grout 


(3) 


Portland tement 









Coarse aggregate 1 to 2 








or blended 








times the sum of the 








cement. 1 








volumes of 
















cementitious 
















materials. Nole: 
















course aggregate 
















contains fine 
















aggregate plus coarse 
















aggregate 





iource: Adapted from Caleb Hornhostel. ( nnsfrucnort Materials, Wiley, New York. 1181 
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Table 840-15. RECOMMENDED 
SAND GRADATION LIMITS OF 
AGGREGATE FOR MASONRY MORTAR 



Percent Passing 



Natural Manufactured 
Sieve Sire Sand Sand 



No. 4 


100 


100 


No. 8 


95 100 


95-100 


No. 16 


70-100 


"1! I0L) 


No. 30 


40-75 


40-75 


No. 50 


10-35 


20 40 


No. 100 


2-15 


10-25 


No. 200 




0-10 



Source. Adapied (mm |m Carpenter i.ud .), Hand 
book ol Landscape AfchHe0ur»l Construction, The 
Landscape Architectural Foundation. McLean, 
Virginia, 1976; and The American Society ior Test- 
inn and Materials. Annual Book ul A5TVf Standards. 
Philadelphia. Pennsylvania. 1983 



3. Volume change: influences the amount 
of water penetration through walls and 
is dependent upon good materials, 
workmanship, and design. 

4. Rate of hardening: the speed at which 
mortar develops resistance to inden- 
tation and crushing. A consistent rate 
of hardening allows tooling of the 
joints at the same degree of hardness 
to obtain uniform joint finishes. 

Color Additives: 

Mortar is colored either by the use of col- 
ored aggregate or by pigments Pigments 
must be fine enough to disperse thorough- 
ly, impart the desired color, and not react 
with other mortar ingredients. Iron, man- 
ganese oxides, chromium oxides, carbon 
black, and ultramarine blue may be used. 
Organic colors, such as Prussian blue, cad- 
mium, lithopone. zinc chromate, and lead 
chromate should be avoided because of 
their potential toxicity. The maximum per- 
missible quantities of metallic oxide pig- 
ments are typically 10 to 15 percent of the 
cement content by weight. Carbon black 
should be limited to 2 to 3 percent of the 
cement content by weight. 

5.2 Reinforcement 

The types of reinforcement used in mason- 
ry construction include wire reinforcement, 
wall ties, anchors, dowels, and reinforcing 
bars. Table 840-16 shows typical configu- 
rations of wire reinforcement. (Reinforcing 
bars are described in Section 830: 
Concrete.) For masonry construction, the 
spacing and sizes of the masonry units 



need to be determined in order to select 
the proper reinforcement. 

Reinforcement should be corrosion- 
resistant to avoid deterioration and stain- 
ing. Heavily galvanized or asphalt-coated 
steel as well as stainless-steel devices are 
available. Care must be exercised when 
selecting metals for anchors so as to avoid 
galvanic action. 



6.0 CLEANING MASONRY 



Table 840-17 lists common cleaning mate- 
rials for masonry. The nature of particular 
stains can warrant the use of specific clean- 
ing processes as outlined in Table 840-18. 
Sandblasting subjects masonry to rapid 
deterioration and should never be used for 
cleaning. 



GLOSSARY 



Backup: The part of the masonry wall 
behind the exterior facing. 

Batter: The process of recessing or sloping 
a wall back in successive courses; the 
opposite of corbel. 

Bond: Structural bond refers to tying a 
masonry wall together by lapping 
units one over another or by connect- 
ing them with metal ties. Tensile bond 
refers to adhesion between the mortar 
and masonry units or their reinforce- 
ment. Pattern bond refers to patterns 
formed by the exposed faces of units. 

Corbel: A shelf or ledge formed by pro- 
jecting successive courses of masonry 
out from the face of the wall. 

Efflorescence: A white powdery substance 
composed of soluble salts carried to 
the wall surface by the movement and 
consequent evaporation of water. 

"Green" brick: Unfired clay brick or other 
clay products which can be scultpted 
before they are dried and fired. 

Parging: The application of mortar to the 
face or back of a masonry, sometimes 
called back-plastering. 

Pointing: Troweling mortar into a joint 
after the masonry unit is laid. 

Toothing: Projecting brick or block in alter- 
nate courses to provide for a bond 
with the adjoining masonry that will 
be laid later. 

Tuck pointing: Involves refilling mortar 
joints that have been cut or have fall- 
en out of existing masonry. 



INDUSTRY ASSOCIATIONS AND 
AGENCIES 



Associations 

Association for Preservation 
Technology (APT) 
Ottawa, Ontario, Canada 

Brick Institute of America (BIA) 
1140 Commerce Park Dr. 
Reston, Virginia 22091 USA 

Building Stone Institute (BSD 
New York, New York USA 

International Masonry Institute (IMI) 
Washington, DC, USA 

National Concrete Masonry 
Association (NCMA) 
Herndon, Virginia, USA 

National Crushed Stone Association (NCSA) 
Washington, DC. USA 

National Sand and Gravel Association (NSGA) 
Silver Spring, Maryland USA 

National Terrazzo and Mosaic 
Association (NTMA) 
Leesburg, Virginia USA 

Portland Cement Association 
Skokie, Illinois USA 

Institutes and Agencies 
American National Standards 
Institute (ANSI) 
New York, New York USA 

Construction Specifications Institute (CSI) 
Washington, DC, USA. 

National Institute of Standards and 
Technologies (NIST) 
Washington, DC, USA 
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Three-wire 

■ Horizontal reinforcement of 
one wylhe of composite or 
cavity wall where rigid 
anchorage of second wylhe is 
required 

■ Continuous rigid tie system 
for cavity and/or composite 
walk 





Four-wire 

■ Horizontal reinforcement of 
ear h wylhe of a composite or 
cavity wall where rigid 
anchorage of second wythe is 
required 

■ Reinforced masonry walls in 
heavy seismic zones 





lab 



■ Horizontal reinforcement of 
one wythe of composite or 
cavity wall where flexible 
anchorage of second wythe is 
required 




c 
o 

1/1 
2 



Adjustable 

■ Horizontal reinforcement of 
one wylhe of .1 composite or 
cavity wall where adjustment of 
lie to second wythe is required 





^3 Note!.' 1. Aciual width of |Oini remlorcing is 2 in less than nominal wall width 2. Different designs are available Irom 
various manufacturers J Reinforcing is typically available for wall thicknesses of 1, 4, 6. 8, 10, I'J, H. 14 and lfiin. 
S Source: Swet-r i Setecfron Daia Stone and Masonry. Mt Graw Hill. New York. 
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Table 840-17. COMMON MATERIALS USED FOR CLEANING MASONRY 



Surfaces 



S 3 
□ K 



Problems 



E 

5 






M 
C 

13 


< 


t/1 


c 


l_ 

Sr 


*3 


X 


T~ 




o 
• 


1 


3 

ra 


LU 


u 



Envirgn- 
mental 
Hazard 



Application Notes 



■ Mutt.ir .mil limits should be ill good 

condition. 

■ Cleaning should occur imly slier all 
restoration is complete. 

■ M.iki' sample cleaning tests 

■ Protect against possible damage to 
adjacent materials, environment 



Low pressure 

Medium-high 
pressure 

Steam 



■ ( ii-ntir' salt- to surl.K c 

■ Nut eftec tive tor heavy staining 

■ Pressure can cause damage 

■ Generates large volume of water 

■ Generally cleans most structures, 
Fsperially good nn rough surfaces jnd 
buildings with varied surfaces. 



■ Generally salesl and least expensive 
type or method 

■ Do not use in cold weather 

■ Chemical salts present in masonry 
may react with water and form stains 

■ Provide for disposal of water 



Chemical 



Acids 



Cleansers, 
detergents 



Proprietary 
compounds 

Steam and 
chemicals 



■ Don't use on high-lime-content stones 
and mortars, or on light colored, glazed, 
or polished masonry 

■ Many ( ommon household cleansers 
can be used 



■ Consult manufacturer's literature for 
specific product recommended for 
various masonry types. 

■ Takes off heavy applied stains that 
simple steam i leaning won't remove 



■ Generally contain water in base 
mixture and in rinse 

■ Can create all of the problems ol 
plain water as well as: 
Discoloration 

Damage to plant and animal life 
Damage to adpeent materials, e.g.. 
metals, glass 



Mechanical 



Sand blasting 



Sanding discs, 

grinders 
Wet sand 

Wet aggregate 



1 



■ Don't use on polished surfaces or 
detailed carvings. 

■ Choice available as to type ot abrasive 
and amount of pressure 



■ Removes outer surface Don't use on 
polished or carved surfaces. 

■ Less abrasive than blasting or grinding 

■ I liminates dust 

• Contains a silica-Tree friable aggregate 
to lessen abrasion 



■ Generally belter for heavier staining 

■ Potentially damaging due to: 
Dust 

Surface erosion and need to preserve 
or weatherproof masonry 
Abrasion of adjacent surfaces 



Source' Sweet's Se/eclrori /.Jala Stone arid Vf.iM.triry. McGraw-Hill. New York 
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Table 840-18. STANDARD METHODS OF STAIN REMOVAL 





Water 


Chemical 














■ 
















C 


E 












t 


3 


n 














CL 


i 

a 






■ 
E 






Clea 


Com 


X 

i 

1 






3 






H 


i 






i 

£ 


8 
a. 


E 




c 

& 
SP 


■ 


T3 
u 

1 




! 


f> 


qj 

4-> 


'Z 


% 




■ 






X 




< 


a 


£ 


u 


Dirt, smoke 
















Pollutants 


• 


• 


■ 


* 






■ 


Oil, tar 










• 


* 


■ 


Efflorescence (Bloomy 


* 






* 








Green stains 
















Vanadium 


* 








* 


* 




Brown stains 
















Manganese 








* 








While bleed 
















CaCo; 




* 








■ 




Rust 
























• 


* 


* 




Paint 
















Graffiti 












■ 


• 


Organic stains 
















Plant growth, 








* 


* 


* 


* 


foods, etc. 
















Mortar spatter 
















Unknown stains 
























■ 









Meehan ical 



I 
e 



M 



1 



t 



l 
m 



Hand 



a 



■ Test masonry before 
cleaning 

■ Chemical methods 
use H,0 often In 
mixture and always in 
rinse. 

■ With acid, (la entire 
surface to keep color 
uniform 



■ See chart on general 
cleaning for evaluation 

■ Dilute HCL acid used 
Rinse with HjO. Do not 
use on light colored, 
soft, sandy brick. 

■ May appear after 
cleaning with a< id to 
remove efflorescence 



■ Fresh paint removed 
with prop compound 
Old paint requires 
mechanical method or 
steam with chemicals 

■ Most removed with 
bleach or oxalu acid 
See NCMA-4 1 



■ Test for organic 
material with sulfuric 
acid. 



Source- Sweef's 5e/ec«on Data: Stone and Masonry, McGraw-Hill. New York. 
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1.0 INTRODUCTION 



1.1 General 

This section provides basic information 
on lumber and the proper use of 
wood in outdoor environments. In a 
world where there is a growing concern to 
promote use of renewal and sustainable 
resources, wood products typically fall 
within this area of concern. Rare woods 
which are harvested in ways that destroy 
ancient forests and their larger eco-systems 
and upset other natural systems (increase 
water runoff and water pollution, etc.) are 
to be discouraged and avoided if at all pos- 
sible. There is a growing international 
effort (such as the "Smart Woods 
Program") which is promoting the creation 
of plantations where once rare timber trees 
(such as teak, etc.) can be grown and har- 
vested for their wood. 

Also, there is emerging a wider use of 
wood substitutes, such as "post-con- 
sumer" plastics which are being made into 
"lumber-like" products. See Section 870: 
Plastics and Glass for more information. 
This Section focuses primarily on softwoods 
as a construction material, their properties 
and characteristics that effect their use in 
design and construction. It does not 
include information on techniques of wood 
construction. These aspects and the hard- 
ware used in wood construction are cov- 
ered in separate sections throughout the 
handbook, including: Section 470: 
Pedestrian Bridges, Section 460: Wood 
Decks and Boardwalks, Section 870; 
Plastics and Glass, and Section 860: Metals. 



1.2 Important Properties of Wood 

Moisture Content: 

Moisture Content: (MC) refers to the 
amount of water contained in wood which 
is usually expressed as a percentage relative 
to the weight of oven-dried wood ("x" 
percent MC). Unseasoned (i.e., green or 
fresh-cut wood) has a very high moisture 
content. The level of moisture in newly cut 
wood can be lowered by different process- 
es and are described as follows: 

Unseasoned lumber: is the wood imme- 
diately after it has been cut. 

Common Lumber: typically has a mois- 
ture content of 15 to 19 percentage. This 
improves the strength of the wood, reduces 
shrinkage and warping, etc 

Air-dried lumber typicaJly contains 12- 
15 percent moisture. It has been dried sim- 
ply by exposure to the atmosphere Most 
lumber is air-dried, although complete air 
drying of large timbers is usually impracti- 
cal. 

Kiln-dried lumber: typically has a mois- 
ture content as low as 6% to as high as 
19%. This wood has been dried in a kiln 
under controlled heat and temperature to 
achieve a desired moisture content It is pri- 
marily done for "appearance grades" or 
"finished lumber where dimensional stabil- 
ity and appearances are important. Kiln- 
dried stamped on individual wood mem- 
bers is always accompanied by a moisture 
content percentage. 



Equilibrium moisture content: refers to 
the moisture content that a wood member 
will attain in service as affected by local 
temperatures and humidity. Specification of 
moisture content in lumber stock should be 
as near as possible to the moisture content 
the lumber will attain in service, (see Table 
850-1). 

Weight: 

The unit weight of various woods depends 
both on the species and moisture content 
of the individual piece. The unit weight of 
wood is a rough indicator of its relative 
strength, with higher values implying 
greater strengths. Refer to Table 850-2 for 
the specific values of various species. 

Strength: 

The ability of a wood member to resist 
loading depends on the strength of the 
wood species, its orientation in the struc- 
ture, and the cross-sectional dimension of 
the member. The inherent strength of a 
wood is expressed in a number of ways as 
described below. Design values for various 
softwood species are given in Tables 850-3 

Tensile strength (F t ): refers to the ability 
of a wood member to resist stretching or 
stresses imposed parallel to the grain 
Tensile strength is reduced by the presence 
of knots, splits, and checks in the member 
The tensile strength of wood perpendicular 
to the grain is very low. 

Compressive strength: refers to the 
ability of a wood member to resist loads 
that are crushing the wood member. 
Compressive strengths parallel to the grain 



Table 850-1. EQUILIBRIUM MOISTURE CONTENTS FOR WOOD IN VARIOUS ENVIRONMENTS 



Relative Humidity. % 



Temperature 
(Dry Bulb) "F 


5 


10 


IS 


20 


25 


30 


35 


40 


45 


50 


55 


60 


65 


70 


75 


BO 


85 


90 


95 


98 
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1 I 


26 


1.7 


46 


5.5 


6.3 


7.1 


7.9 


8.7 


9 5 


10.4 


It 1 


12 J 


13.5 


14.9 


16.5 


185 


21.0 


24,3 


269 


40 


1.4 


2.6 


3.7 


4.6 


5.5 


6.3 


7.1 


7.9 


8,7 


9.5 


10.4 


1 1 ■ 


12.3 


13.5 


149 


16.5 


18.5 


21.0 


24 3 


269 


SO 


1.4 


26 


.16 


4.6 


5.5 


6.3 


7 1 


7.9 


8.7 


9.5 


10.3 
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12-3 


13.4 


14.8 


16.4 


18.4 
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24.3 
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60 
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7,0 
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76 
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2.0 


2.9 


3.7 


4.5 


5.2 


59 


6.6 


7 2 


7.9 


8.7 


9.4 


10J 


11.3 


12.5 


14.0 


i.si 


18.2 


21,5 


24.2 


140 


,9 


1,9 


2 8 


3.6 


4.3 


5.0 


5.7 


6.3 


7.(1 


7.7 


8.4 


9.1 


10.0 


11.0 


12 1 


13,6 


15.3 


17.7 


21.0 


23.7 


150 


') 


l.S 


2.6 


3.4 


4.1 


4.8 


5.5 


6.1 


0.7 


7.4 


8.1 


8.8 


9.7 





n a 


13.1 


14.9 


17.2 


204 


21 1 


160 


a 


1.6 


2.4 


3.2 


19 


4.6 


5.2 


S H 


64 


7 1 


7.8 


8.5 


9.3 


10.3 


1 1.4 


12.7 


14 4 


167 


19 9 


22.5 


1711 




1 5 


2.3 


3.0 


3.7 


4 i 


4.9 


5.6 


6.2 


6.8 


7.4 


8,2 


9.0 


9.9 


HjO 


12.3 


14 


16 2 


19 1 


21.9 


lan 




1 4 


2 1 


2.8 


3.5 


4 1 


4.7 


5.) 


5.9 


6.5 


7.1 






9.5 


10.5 


1 1 8 


13 5 


15 7 


18.7 


21,3 


110 


.6 


11 


1.9 


2.6 


3.2 


3.8 


4.4 


5.0 


5.5 


6.1 


6.8 


7.5 


8.2 


9 1 


10 1 


11 4 


13.0 


15 1 


HI 1 


20.7 


»i 


.5 


11 


1.7 


2.4 


3.0 


3.5 


4.1 


4.6 


5.2 


5.8 


64 


7 1 


7.8 


8.7 


9 7 


109 


12.5 


14 6 


17 5 


20, 


210 


.5 


1.0 


1.6 


2.1 


2.7 


S.2 


1.8 


4 1 


49 


5.4 


6.0 


6.7 


7.4 


8.3 


9.2 


10 4 


12.0 


14.0 


16.9 


19.3 



-a 

o 

I 

O 

Irt Souroe U s. Forest Product? laboratory. Wood togtrurermg H.mdhtmk. Prfniice-HalJ. tnJ, I.n 

00 
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(Fc) are 2 to 5 times greater than compres- 
sive forces perpendicular to the grain (F. 
-i-). The former is applicable to vertical 
load-bearing members, while the latter is 
applicable to horizontal load-beanng mem- 
bers. 

Extreme fiber stress in bending (Ft,): 
refers to the ability of a horizontal load- 
bearing member to carry maximum load in 
bending without causing the fibers at the 
utmost top of the member (those most in 
compressive action) or those at the utmost 
bottom of the member (those most in ten- 
sion) to fail. Single-member Ft values refer 
to loads borne by an individual member, 
while repetitive Fn values refer to instances 
where three or more load-bearing mem- 
bers, spaced no more than 600 mm (24 in) 
apart, are joined by load distributing ele- 
ments. Ft values are used in load-bearing 
calculations to determine the sizing of hor- 
izontal members. 

Modulus of elasticity (E): is a measure 
of stiffness in a wood member; it refers to 
the ability of the member to resist deflec- 
tion. E is a ratio of the amount by which a 
material will deflect in proportion to an 
applied load. E values are used in load- 
bearing calculations to determine the sizing 
of horizontal members, based on deflec- 
tion. 

Horizontal shear strength: refers to the 
ability of wood fibers at the top half of a 
bending member (that part in compression) 
to resist shearing horizontally from the 
fibers in the bottom half of a bending 
member (that part in tension). Horizontal 
shear is most likely to occur along the neu- 
tral axis of a member (i.e., the horizontal 
plane running the length of .i member 
approximately two-thirds of the way down 
from the top of the member). The installa- 
tion of bolts should be avoided along this 
plane. 

Appearance: 

Color, figure patterns, grain, and defects in 
the wood influence the aesthetic value of a 
piece of lumber. In most landscape con- 
struction, wood is either allowed to weath- 
er naturally or is preserved, thereby chang- 
ing its natural appearance from the time of 
installation. 

Color: typically refers to the color of the 
heartwood in a species, since the sapwood 
of all species is light in color (virtually 
white). Heartwood is darker than sapwood 
and ranges in color from nearly white to 
deep reddish brown, depending on the 
species. Table 850-4 provides a description 
of several wood species. 



Tabic 850-2, UNIT WEIGHTS OF VARIOUS SOFTWOODS 



Weight 



Softwoods 


Moisture ( 


Zontent, 1SS. 


t\An \ * i ii n 

IIIUI3LU, 1 


f Content, 8% 


I 

lb/ft 


kg/m 


ID/ft 


Kg/m 


Cedat, Alaska 


31.6 


506.23 


30.4 


487.01 


Cypres, bald 


32. b 


522.25 


31.4 


503,03 


Tii, Douglas 


30.5-34.3 


488.61 54 9 49 


29.2 33.1 


467.78 530.26 


Fir, true easte rn 


26.9 


430.94 


26.4 


422.93 


Fir. True western 


26.7-28.3 


427.73-453.37 


25.8 27.2 


413.32 -435 74 


Hemloctt, eastern 


29.0 


464.58 


28.0 


448.56 


t lemlot k, western 


29.6 


474.19 


28.7 


459.77 


Cedar, intense 




408.51 


24.2 


387.68 


I. arch, western 


39.4 


613.19 


38.2 


611 96 


Pint.*, eastern white 


254 


406.91 


24.2 


387 68 


Pint*, lodgepote 








451.76 


(knotty bine) 


29.2 


467 78 


28.2 


Pine, pitch 


34.9 


551.09 


33.8 


541 48 


Pint', pond 


38.7 


61997 


37.5 


600.75 


Pine, ponderosa 


28.6 


618.37 


27.5 


440.55 


Pine, red 


I'M 


50303 


30.4 


487.01 


Pine, southern yellow 


41.6 439 


66643-703.28 


40.3-42.6 


645.61-682 45 


3S.7-36.J 


571.91-581.53 


34.6-25.3 


554 29-565 51 


Pine, sugar 


26.0 


416.52 


24.0 


38448 


Pine, western white 


28.0 


448.56 


27.1 


434.14 


Cedar. Port Orford 


til 1 


482 .20 


28.9 


462.98 


Cedar, red eastern 


33.5 


536.67 


32.2 


515.84 


Cedar, red western 


23.4 


347.87 


22 4 


358.85 


Redwood 


28.6 


458.17 


27.4 


438.94 


Spruce, eastern 


29.4-28.4 


470.99-459 97 


28.7-27.2 


459.77-435.74 


Spruce. Engelmann 


24.1 


386.08 


23.2 


371 66 


Spruce, Sitka 


28.1 


450.16 


27.1 


434 14 


Tamarack 


37.6 


602.35 


36.3 


48(1.53 



Source Adapted from U.S. Forest Products Laboratory. Wood Ingineermg Handbook, Prentite-Hall. 
Englewood Cliffs, New Jersey. 



1 Common yard lumber is typically seasoned to a moisture content of about 15 to 19 
percent. Typical industry standards are 6 to 12 percent for finish lumber. 

2. The use of wood in arid regions may require lumber with slightly lower moisture 
contents to prevent further drying and warpage of the wood in service. 

3. The unit weight of wood is a rough indicator of its relative strength, with higher val- 
ues implying greater strengths (see Table 850-2 for values of various species). 

4. The inherent strength of a wood is expressed in terms of tensile strength, compres- 
sive strength, extreme fiber stress in bending, modulus of elasticity, and horizontal 
shear strength (see Table 850-3 for design values of various species). 

5. Any cross-grain in a piece of lumber adversely affects the strength of the member, 
and should be carefully examined before being used in a load-bearing situation. 

6. Coarse-grained woods (widely-spaced rings) accept stains and other preservatives 
and hold paints and surface sealers better than woods with close grains or closely- 
spaced rings. 



Time-Saver Standards for Landscape Architecture 



850-4 



Table 850-3. DESIGN VALUES FOR MACHINE STRESS -RATED STRUCTURAL LUMBER ■■- 













Design Values 


(Ibfln')' 










E xt re me F i be r i n 
Bending, F b J 


















Tension 


Compression 






Grading Rules 




Single 


Repetitive 


P.ir.illel 


Parallel 




Grade 


Agency 


Size Classification 


Member 


Member 


to Grain, 


to Grain, 


Modulus of 


W^IE I luL t\J 1 1 


(See Nnrps h-il 


Uses 


Uses 


■ 


c 


Ela«£irrtv E 
c iiiftt.icf(y r c 


900f T.Ot 


1 




900 


luSii 


150 


725 


1,000,000 


120UM.2E 


h.i.| 




1200 


1400 


650 


950 


1.200,000 


135W-1.3E 


1 




] 150 




750 


1100 


1,300,000 


1 450f- 1 IF 


h.i 




1450 


1650 


800 


1150 


1,300.000 


1500M.4E 


h.u 




1500 


1750 


900 


1200 


1.400.000 


1650M.5E 


h.i.j 




1650 


1900 


1020 


1320 


1.500,000 


1800M.6E 


h.i.j 


Machine-tated lumber. 


1800 


2050 


1175 


1450 


1.600,000 


1950M.7E 


h.i 


2-in thick or less, all 


1950 


2250 


1375 


1550 


1,700,000 


2100M 8E 


h,U 


width* 


2100 


2400 


1 575 


I 700 


i firm cine i 


22501 1 St 


i> i 




2250 


2600 


1 750 


1 80(i 


l/H !.»-!■ 


24001-2.0E 


1 1 1 i 




2400 


2750 


1925 


1 925 




25 50f-2.lt 


h.i 




2550 


2950 


2050 


2050 


7 infi ii .i > 

£, 1 1.1 1, 111 A 1 


27<X1I-2.2E 


h,Lj 




2700 


3100 


21 50 


21 50 


~) Jflfi I II lA 


2H50I-2.3E 






2B50 


3300 


2300 


2 300 


2,300,0(K) 


30O0f-2.4E 


h.i 




1000 


3450 


2400 


2400 


2,400,000 


3150<-2.5E 


i 




3150 


3600 


2500 


2500 


2,500.000 


S300f 2.6E 


1 




330O 


3800 


2650 


2650 


2. 600.000 


900M.0E 


h.i.. 




900 


1050 


350 


725 


1,000.000 


900M.2E 






900 


1050 


3S0 


725 


1.200,000 


1200M.5E 


h.i,j 


See note | 


1200 


1400 


600 


950 


1,500.000 


13S0f-1.BE 


h.i 




1350 


1550 


750 


1075 


1.800.000 


1500f-1.8E 


1 




1500 


1750 


900 


1200 


1,800.000 


lB00f-2.1E 


h.i.i 




1800 


2050 


1175 


1450 


2,100.000 



J Stresses apply Jl 19% maximum mmslure I ontenl 



b Design values listed are for normal loading conditions (see notes below) and other provisions in the national design 
specification For adjustments of tabulated values, see Note d. 

' Design values tot horizontal shear F, (DRY I and c ompressmn perpendicular to grain F, , (DRY) are 



Cedar (WWPA/ 
WCLIB) 


Douglas 
fir. larch 
(WWPA/ 
WCUB/ 
MICA) 


Douglas 
fir, south 
(WWPA) 


Engelrnann 
spruce 
(WWPA) 


Hemloclc. fir 
(WWPA/ WC LIS/ 
NLCA) 


Mmed 
species 
fWCIlS) 


Pine 
(WWPA) 


Southern 
pine 

ism) 


Spruce 
pine Itr 


Western 
hemlock 
<WWPA/WLUi3) 


Horizontal shear f. (OKYI 


75 




■i.j 


70 


75 


70 


70 


90 


70 


90 


Compression perpeniiit u/jr in grain F, , (DRY) 




265 


385 


335 


195 


245 


190 


190 


405 


165 


280 



■ Cedar includes incense or western red cedar fine includes Idaho white pine, ladgepnle pine, ponderosa pine, or 
sugar pine 



O 

I 

o 
m 



Figure: refers to the pattern of tree ring 
growth as a consequence of sawing the 
log. Depending on whether the log is plain- 
sawed or quartersawn, various species 
exhibit either conspicuous or inconspicuous 
growth rings. Table 850-4 describes the fig- 
ure in various species as a consequence of 
both sawing methods. 

Grain: refers to the density of wood 
growth in a piece of lumber. Annual rings 
that are close together (with small pores) 
are referred to as being close-grained, 
whereas widely spaced rings (with large 



pores) are referred to as being coarse- 
grained. Coarse-grained woods accept 
stains and other preservatives and hold 
paints and surface sealers better than close- 
grained woods. 

The term grain is also used to refer to the 
direction of fibers in a piece of lumber, this 
direction being a consequence either of the 
tree's natural growth or of sawing the log. 
For maximum strength, the fibers in a piece 
of lumber should be parallel (or nearly so) 
to the edge of the member. Any cross-grain 
in a piece of lumber adversely affects the 



strength of the member, and should be 
carefully examined before being used in a 
load-bearing situation. 

Defects: in a piece of lumber affect both 
the strength of the member and its appear- 
ance. Defects are caused either by natural 
growth in the tree or by manufacturing 
(i.e., sawing and surfacing) operations. 
Figures 850-1 through 850-5 illustrate var- 
ious types of defects in lumber. 
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Table 850-3. (cont.) 



' labulaled extreme liber value* in bending values F b are applicable to lumber loaded on edge When loaded flat, 
these values may be increased b> multiplying by the following factors. 

Nominal 

width (inl J 4 S 6 fi 10 12 14 



Factoi 1.06 1.10 1.12 MS 1-19 1.22 1.25 1.28 

• Grading rule 4 , agencies listed inc Lode the following: 

Northeastern Lumber Manufacturers Association. Incorporated INHMAi 

Northern Hardwood and Pine Manufacturers Association, Incorporated (NHPMA) 

National I umber Grades Authority iC'anadal (NLGAI 

Redwood Inspection Service (RIS) 

Southern Pine Inspection Bureau I5PIBI 

West Coast Lumber Inspection Bureau (WCLIB) 

Western Wood Products Association (WWPAI 

The design values are applicable to lumber thai will be used under dry conditions lor 1- to 4 in thick lumber, the 
DRY surfaced size should be used in member design 

The design values for surfaced dry or surfaced green lumber may be multiplied by the following ladorsffor southern 
pine use tabulated design values without adjustment: 



firreme liner Tension 
TnrcAness Moisrure in tending m parallel lo 

of (umber content (ML I r% grain F, 



2-4 in 1 5% maximum 1 .08 1 .08 

2-4 in l« and above 0.86 0.84 

5 in l9ob and above 1.00 1.00 



Compression Compression 



Horizontal perpendicular parallel to Modulus of 

iheat f. In grain f, grain F r e/islicify £ 



105 1.00 1.17 1.05 

0.97 0.67 0.70 0.97 

100 0.67 0.91 1.00 



I National Lumber Grades Authority grading rules 

"Southern Pine Inspeitiun Buiimii grading rules 

h West Coast Lumber Inspection Bureau grading rules 

1 Western Wood Products Association grading rules 

i Size classifications for these grades are: 

NIGA — machine rated lumber; 2 in thick or less; all widths 
SPIB machine rated lumber. 2-in thick or less, all widths 
WCLIB — machine rated joists: 2 in thick or less; 6 inches and widet 
WWPA — machine rated lumber 2 in thick or less, all widths 

Source Adapted from C. G Ramsey and H. R Sleeper. Architectural Craphic Standards. 7th ed., John I Packard 
ted ), Wiley, New York. 1981. as prepared by the National Forest Products Association. Design Vafues lor Wood 
Construction, Washington, D.C 



tNOT 




Figure 850-1. Natural defects. Pitch 
pockets are openings containing resin. 
Their number, size, and location do not 
significantly affect strength if kept within 
established guidelines. Shakes are separa- 
tions along the grain which can affect shear 
strength if they are significant. Knots refer 
to the growth of tree limbs and can affect 
both the appearance of a wood member 
and its strength. Reduction in strength is 
found acceptable within certain estab- 
lished limits. 



Insect and Decay Resistance: 

A variety of insect species can degrade wood. 
Termites are by far the most destructive. The 
range of termite infestation in the United 
States is shown in Figure 850-6. Termites 
require moist soil conditions. Anti-termite 
construction techniques, termite shields, 
chemically treated soils and timbers, and ter- 
mite-resistant wood species can minimize the 
problem. Termite-resistant wood species 
include redwood, bald cypress (tidewater 
red), and eastern red cedar. 
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Table 850-4, COLOR AND FIGURE CHARACTERISTICS OF VARIOUS SOFTWOODS 



Type of Figure in 



o 
o 

O 
in 
oo 



Species 



Bald cypress 

Cedar: 
Alaska 

Atlantic white 
Eastern red 



Incense 
Northern white 
Port Orford 

Western red 

Douglas fir 

It 

Balsam 

White 

Hemlock: 
Eastern 

Western 

Larch, western 



F astern white 
Lodgepole 
Ponderosa 
Red 

Southern: 

longleaf. loblolly, shortleaf, 

and slash 
Sugar 

Western white 
Redwood 



Spruce: 

Black, Engelmann. Red, 

White 
Sitka 

Tamarack 



Color of 



Plain-Sawed Lumber or 
Rotary-Cut Veneer 



Quarter sawed Lumber or 



Light yellowish brown to 
reddish brown 

Yellow 

Lighi brown with 

reddish tinge 
Brick red to deep 

reddish brown 

Reddish brown 

1 ight to dark brown 

I ight yellow to pale 

brown 
Reddish brown 

Orange red 1o red; 
sometimes yellow 

Nearly while 

Nearly while to pale 
reddish brown 

Light reddish brown 

lighi reddish brown 

Russet lo reddish brown 



Cream to light reddish 

brown 
Light reddish brown 

Orange to reddish 

brown 
Orange to reddish 



Orange to reddish 

brown 
I ight creamy brown 
Cream lo light reddish 

brown 
Cherry to deep reddish 

brown 



Nearly white 

I ight reddish brown 

Russet brown 



Conspicuous irregular growth 
nng 

Faint growth ring 
Distinct, not conspicuous, growth 
ring 

Occasionally streaks of white 
sapwood alternating with 
heart wood 

Faint growth ring 

Faint growth ring 

Faint growth ring 

Distinct, not conspicuous, growth 
ring 

Conspicuous growth ring 



Distinct, not conspicuous, growth 
ring 

Conspicuous growth ring 



Distinct, not conspicuous, growth 
ring 

Distinct, not conspicuous, growth 
ring 

Conspicuous growth ring 



Fainl growth ring 

Distinct, not conspicuous, growth 
ring,- faint pocked appearance 

Distinct, not conspicuous, growth 
ring 

Distinct, not conspicuous, growth 
ring 

Conspicuous growth ring 

Faint growth ring 
Fainl growth ring 

Distinct, not c onspicuous, growth 
ring; occasionally wavy and 
bud 

Faint growth ring 

Distinct, not conspicuous, growth 
ring 

Conspicuous growth ring 



Disltnct. nol conspicuous, 
growth ring stripe 



Occasionally streaks of while 
sapwood alternating with 
heartwood 

Faint growth-ring stripe 

Faint growth-ring stripe 

None 

Faint growth-ring stripe 

Distinct, not conspicuous, 
growth-ring stripe 

Faint growth-ring si ripe 

Distinct, not conspicuous, 
growth-ring stripe 

Faint growth-ring stripe 

Faint growth-ring stripe 

Distinct, not conspicuous, 
growth -ring stripe 

None 

None 

Faint growth-ring stripe 
Faint growlh-ring stripe 



Distinct, not conspicuous, 

growth-ring stripe 
None 
None 

Fainl growth-ring stripe; 
occasionally wavy and burl 



None 

Faint growth-ring stripe 

Distinct, not conspicuous, growt 
ring 



■ I he sapwood of all species is light in color or virtually while unless discolored by fungus or chemical stains. 
Source: Adapted from U.S. Forest Products Laboratory, Wood Engineering Handbook, Prentice-Hall, tnglewood 
Cliffs. New lersey. 
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CUP 'GREATEST 
PEFL£CTI0N 




Figure 850-3. Defects due to saw- 
ing. Slope of gram refers to the angle of 
the grain relative to the member's edge. 
The greater the slope, the weaker the 
member. Wane refers to an absence of 
wood, or the presence of bark. 



SttlTE WAKC5 



Figure 850-2. Defects due to seasoning. Checks are separations across the gram 
due to seasoning. Splits are lengthwise separations through the entire piece. Warp is any 
deviation from a true or plane surface, including bowing, crooking, twisting, cupping, or 
combinations of each. 



Fungi — in the form of mold, stains, dry 
rot, and soft rot— also can seriously 
degrade wood (Table 850-5). Resistance to 
decay from most fungi is improved by 
restricting the moisture content of wood to 
20 percent or less. Dry rot can be avoided 
if moisture contents are kept to 30 percent 
or less. Wood that is completely and con- 
tinuously submerged in water will not rot. 

Some softwood species are inherently 
resistant to attack from insects and fungi 
(Table 850-5). The heartwood of any 
species is typically more resistant than its 
sapwood. Maximum resistance to attack 
from insects and fungi, without chemical 
preservation, can be achieved by specifying 
all heartwood lumber from a resistant 
species like California redwood (Sequoia 
sempervirens) or bald cypress (Taxodium 
disiichum). 

Pressure-treated wood should be used 
where a member will be embedded in 



moist ground, especially when used for the 
support of permanent structures. Paints 
and stains can provide increased insect and 
decay resistance. Table 850-5 provides 
additional information on decay -resistant 
species. 

Construction plans should detail how to 
join wood members so as to minimize the 
trapping of moisture. 

Weatherability: 

Weathering refers to the ability of wood to 
resist cupping, warping, and checking, as 
well as the visual effects of weathering on 
the wood's color. Checking is most evident 
in coarse-grained woods and plain -sawed 
boards. Warping is most evident in plain- 
sawed boards. Cupping is most evident in 
dense woods and in boards that are much 
wider than they are thick. To minimize cup- 
ping, the width of boards should be no 
more than 8 times their thickness, and 



boards used as a decking material should 
be laid bark-side up. 

Exposed (i.e., untreated) woods charac- 
teristically turn various shades of gray with 
various degrees of sheen, depending on the 
species. Weathered appearances are pre- 
dictable, and can be arrested at any stage in 
the process by the application of sealers or 
other types of preservative. Tables 850-6 
and 850-7 provide information on the 
weathering characteristics of various soft- 
wood species. 

1.3 Characteristics of Various 
Softwoods 

The characteristics of various softwoods, "5 
including decay resistance, weathering, ease q 
of keeping painted, color, and figure, are > 
described in Tables 850-4 through 850-8. 

o 
in 
oo 
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Table 850-5. RELATIVE DECAY RESISTANCE OF VARIOUS SOFTWOODS 



Species 


Color of Di*y 
Heart wood 


Type of FLj 


;ure In 


Plain -Sawed Lumber or 
Rotary-Cut Veneer 


Quartersawed Lumber or 
Quarter-Sliced Veneer 


Bald cypress 


1 ight yellowish brown to 


(. s ifi'.;n' ufuis irregular growth 


Distinct, nol conspicuous. 


reddish brown 


ring 


i'i m-'h 'iini - 1 r i r ii 

giuwm ■iiig>Mi(Jt. 


Cedar: 








Alask.i 


Yellow 


Fain! growth ring 


Sune 


Atlantic white 


1 ight brown with 


Distinct, not conspicuous, growth 


None 




■ I i 1 L _ 

reddish tinge 


ring 




taslern fed 


Brick red to deep 


Occasionally streaks of white 


Occasionally streaks of white 


reddish brown 


sapwood alterniilmg with 


sapwood alternating with 






heart wood 


heart wood 


incense 


Reddish brown 


Faint growth ring 


Faint growth-ring stripe 


Northern white 


Light to dark brown 


Faint growth ring 


Faint growtb-nng stripe 


Port Orford 


1 ight yellow to pale 


Faint growth ring 


None 




brown 






Western red 


Reddish brown 


Distinct, not (,on>pn uous, growlh 


Faml gruwlh-ring stripe 


Douglas tir 


Orange red lo red, 


ring 

Conspicuous growth ring 


Distinct, not conspicuous. 




sometimes yellow 




growin-ring stripe 


Balsam 


Nearlv while 


I jisiimi i, noi f (ifbjiii ..i i\ : - grtiwni 


t- . ■ i I ' t . i ! 1 1 - ii rlit l ■ ir ,, . 
1 lil. Jyt IWI Fl n "g 5H|[je 






ring 




While 


Nearly while to pale 


Conspicuous growth ring 


Pi id iiij 1 ru il t 1 1 1 it 1 1 if I ii ti IL 
UIMIIU.l, \IKJ\ k.Uln[JILULlU^. 


reddish brown 




growth-ring stripe 


Hemlock 








[astern 


Light reddish brown 


Dfetfnct; nol conspicuous, growth 


Faint growih-ring stripe 






ring 


Faint growlh ring stripe 


Western 


1 ight reddish brown 


Distinct, nol conspicuous, growth 




ring 




Larch, western 


Russet to reddish brown 


ConspMiuous growth ring 


Distinct, not conspicuous. 






growlh ring slope 


Pine: 








Eastern while 


Cream lo light reddish 


Faint growth ring 


None 




brown 






Lodgepole 


Lighl reddish brown 


Distinct, not conspicuous, growlh 


None 




ring; faint pocked appearance 




Ponderosa 


1 )railge Id n-ddlsh 


Distinct, nol conspicuous, growlh 


- 

Faint growlh -ring stripe 




brown 


ring 




Weil 


Orange to reddish 


Distinct, not conspicuous, growlh 


rdiiu growi ii ring si ripe 




brown 


ring 




Southern: 




Conspicuous gruwth ring 




longleat. loblolly, shnrlleal. 


Orange to reddish 


Distinct, not conspicuous. 


and slash 


brown 




growth-ring stripe 


Sugar 


Light creamy brown 


Faint growth ring 


None 


Western while 


Cream lo lighl reddish 


Faint growlh ring 


None 




brown 






Redwood 


Cherry to deep reddish 


Distinct, not conspicuous, growlh 


Fainl growth-ring stripe; 




brown 


ring; occasionally wavy and 


occasionally wavy and burl 






burl 




Spruce 








Blai k, higelmann. Red. 


Nearlv while 


Faint growth ring 


None 


White 






Famt growth-ring stripe 


Sitka 


l ight reddish brown 


Distinct, not conspicuous, growlh 




ring 




Tamarack 


Russet brown 


Conspicuous gruwlh ring 


Disltncl, not conspicuous, growth 








ring 



• the sapwood of all species is light in color or virtually while unless discolored by lungus or chemical stains 
.Source Adapted trom US I orevl Products Laboratory, Wood £ngineerrng Handbook. Prentice Hall, tnglewood 
Clihs. New lersey 
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STRAIGHT GRAIN 



SPIRAL GRAIN 





DIAGONAL GRAIN 
RADIAL SURFACE 



SPIRAL GRAIN 
RADIAL SURFACE 






STRAIGHT GRAIN SPIRAL GRAIN 



Figure 850-6. Extent of termite infestation in the United States. Zones iltus- 
trate general relative hazard of termite infestation. Subterranean termites have been 
found as far north as line A-A. Line B-B shows the northern limit of non-subterranean 
termites. 




DIAGONAL CWA1N 

Figure 850-4. Defects due to cross- 
grain. Cross-grain is a slope of grain 
defect caused by aberrant growth of the 
tree or by improper sawing, and results in 
a weaker piece of lumber than straight 
grain. Straight-grained lumber is strongest 
and has fibers oriented parallel to the lon- 
gitudinal axis of the piece (shown with 
bold dashed line). 




Figure 850-5. Defects due to surfac- 
ing. Machine burn is the darkening of 
wood due to overheating by machine 
knives or rollers when pieces are stopped 
by the machine. Torn grain is a roughened 
area caused by the machine tearing out 
bits of wood in the dressing. Skip is an 
area on a piece that fails to surface 
smoothly as it passes through the planer. 



2.0 LUMBER CLASSIFICATION 



2.1 Regional Production and 
Grading Authorities 

Figure 850-7 and Table 850-9 identify var- 
ious wood species produced in different 
regions of the United States. A number of 
regional grading authorities have estab- 
lished standards of sizes, properties, and 
design stress values for woods grown in 
their jurisdiction These standards are 
based on guidelines established by the 
American Lumber Standards Committee 
(PS 20-70 American Softwood Lumber 



Standards). The terminology of sizes and 
their associated grading hierarchies is gen- 
erally consistent from one authority lo 
another, although slight variations do 
occur. Softwood species in the United 
States and the respective grading authori- 
ties are shown in Table 850-10. 

2.2 Sawing and Surfacing 

Sawing: 

The method used to saw lumber affects the 
appearance and wearability of the wood 
Two types of sawed lumber are plain- 
sawed (producing flat-grained boards) and 



1 Terminology of sizes and their associated grading hierarchies are often developed by 
trade associations or a regional or national authority. Often there are slight varia- 
tions from place to place. 

2. Plain-sawed lumber is relatively inexpensive and has conspicuous figure patterns. It 
may develop checks and surface splits during seasoning. 

3 Quartersawn lumber is more expensive than plain-sawed lumber, and its radial fig- 
ure patterns are conspicuous. It will wear more evenly, is less susceptible to twisting 
and cupping, and is less likely to develop surface checks and splits during seasoning 
and use 

4 Most lumber is visually graded by trained inspectors who classify the pieces accord- 
ing to siope of grain, natural and manufacturing defects, and the number, tightness, 
and location of knots. 

5, Cross-sectional lumber specifications typically refer to the nominal size of a piece 
rather than the actual size. Actual dressed dimensions are smaller than nominal 
dimensions due to shrinkage and planing. Dimensions of length are nearly exact. 
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Table 850-6. EFFECTS OF WEATHERING ON VARIOUS SOFTWOODS 



Weathering 



Woodi (Softwoods) 


Resistance 
to Cupping- 


Conspicuouineu 
of Checking-f 


Cedar: 






Alaska 


1 


I 


California incense 


— 


— 


Port Orford 


— 


I 


Weslern red cedar 


I 


] 


While 


I 


- — 


Cypress 


I 


1 


Redwood 


l 


i 


Pine: 






Eastern while 


2 


2 


Sugar 


2 


2 


Western white 


3 


2 


Ponderosa 


1 


2 


Fir, commercial while 


2 


2 


Hemlock 


2 


2 


Spruce 


2 


2 


Douglas fir (lumber and plywood) 2 


2 


Larch 


2 


I 


Lauan (plywoodl 


2 


2 


Pine: 






Norway 


2 


2 


5outliern (lumber and plywood) 2 


- 


Tamarack 


2 


2 


• t - best * = worst 


t 1 - leasi. 2 - mosi 




Source Adapted from 


U S. Foresl Products Laboratory. Wood Enginee 


ring Handbook. Prenlit e Mall. 


Englewood C lifts, New 


lersey. 





Table 850-7. COLOR EFFECTS OF WEATHERING ON VARIOUS SOFTWOODS 



Type of Wood 


Changes to Light 
Cray Color With 
Silvery Sheen 


Changes to Light 
Cray Color With 
Moderate Sheen 


Changes to Dark 
Gray Color With 
Little or No Sheen 


Evergreen (softwood) 


Bald cypress 


Hemlock: 


Douglas fir 




Cedat 


i astern 


Fir. 




Alaska 


Western 


Commercial 




Pod Orford 


P.ne: 


White 






Eastern white 


Larch: 






Ponderosa 


Weslern 






Sugar 


Pine: 






Western whiti' 


Southern yellow 






Spruce: 


C edar: 






Eastern 


Weslern red 






Silka 


Redwood 



Source Adapted Irom Caleb Htirnlxistel, Construct™ Matena/s. [ohn Wiley, New York. 



quartersawn (producing edge- or vertical- 
grained boards). 

Plain-sawed lumber: is made by sawing 
directly across the entire log (Figure 850-8). 
Members are produced that are relatively 
inexpensive, have conspicuous growth 
rings and figure patterns, and whose 
J? strength is less affected by knots. Shrinkage 
q and swelling are more evident in the width 
> of the member than in its thickness, and 
^ plain-sawed boards tend to easily develop 
^-y checks and surface splits during seasoning 

|fl Quartersawn lumber: is cut from a 
*}Q quarter section of log (Figure 850-8). 



Members are more expensive than plain- 
sawed lumber, figure patterns peculiar to 
the radial pattern are conspicuously dis- 
played, and shrinkage and swelling occurs 
less in width of the board than in its thick- 
ness. Edge-grained lumber wears more 
evenly, is less susceptible to twisting and 
cupping, and is less likely to develop sur- 
face checks and splits during seasoning and 
use. 

Surfacing: 

The surfacing or finishing of a wood mem- 
ber influences its appearance and deter- 
mines its actual cross-sectional dimensions. 



Table 850-8. CHARACTERISTICS OF 
WOODS FOR PAINTING 



Softwoods 



Cedar: 




Alaska 


1 


California incense 


1 


Port Orford 


1 


Western red cedar 


1 


White 


1 


Cypress 


I 


Redwood 


1 


Products overlaid with resin- 


1 


treated paper 




Pine: 




Eastern while 


II 




|| 


Western while 


II 


Ponderosa 


III 


Fir, commercial white 


III 


Hemlock 


III 


Spruce 


III 


Douglas fir (lumber and plywoodl 


tv 


Larch 


IV 


Lauan (plywoodl 


IV 


Pine: 




Norway 


IV 


Southern (lumber and plywood) 


IV 


Tamarack 


IV 



• I - easiest to maintain; V = most exacting 
Source: Adapted (rom U S Forest Products Labo- 
ratory, Wood Engineering Handbook. Prenlice- 
Hall, Englewood Cliffs, New lersey 



Rough lumber refers to lumber that has 
been sawed, edged, and trimmed but not 
surfaced by planing Dressed or surfaced 
lumber refers to wood that has been 
planed to achieve smooth surfaces and uni- 
form dimensions. Figure 850-9 illustrates 
various combinations of dressed faces 

2.3 Lumber Grading Methods 

The grading rules established by each of 
the regional grading authorities are based 
on quality-reducing characteristics 
(defects) that adversely affect the appear- 
ance, strength, durability, or utility of the 
wood. 

Visually Graded Lumber: 

Most lumber is visually graded by trained 
inspectors who classify the pieces according 
to specific criteria. These criteria include 
slope of grain, natural and manufacturing 
defects, and the number, tightness and 
location of knots. 

Natural defects: are processes in timber 
growth that adversely affect the appear- 
ance or strength and consequent grading 
of the wood member (Figure 850-1). 

Manufacturing defects: are faults due to 
improper seasoning, sawing, and surfacing 
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Figure 850-7. Areas of timber growth in the United States. 



SOFTWOODS 



WEST COAST REGION 
Douglas to m SI coast Hemlock 
western red cedar Sitka spruce 

RHJWUOD REGION 
re'.lwrod Duuglas fir 

I WFSTIHN PINE REGION 

ponderusa pine Idaho while Ri M 
Douglas fir white fir sugar pine 
inland red cedar western larch 
Fngelmann spruce lodeepole pine 
incense cedar 

NORTHERN FORESTS 
northern white pine eastern spruce 
lack pine aspen northern hemlock 

SOUTHERN PINE REGION 
loblolly pine slash p.ne chortle*! 
p.ne longleal p-ne cypress 



HARDWOODS 

NORTHERN FORESTS 
mapte birch beech ash 
Black cherry 

CENTRAL AND SOUTHERN 
HARDWOOD FORESTS 
oiks yellow poplar gum 
black walnut besswood 



Table 850-9. LUMBER AND LOCATIONS OF GROWTH 



Type of Wood and Location 



Cypress, bald 

I mm Delaware Id 
Florida along the Atlantic 
toastal pliiin. along Ihe 
Gulf toast, and up ihe 
Mississippi Valley to 
Indiana 

I ir. Douglas 

r mm Ihe Rnckv 
Mountains 10 the PacilU 
loast and lrom Mexico 
to central British 
1 'i i 

Fir. true eastern 
New England. New 
York. Pennsylvania, and 
the Great lakes stales 

Fir. True western 
From Ihe Rocky 
Mountains to Ihe Pacific 
coast 

Hemlock, eastern 
i torn New England 

along the Appalachian 
Mountains to Alabama 
and Georgia and the 
Greal Lakes stales 

HemltK k. western 

Pacific coast ol Oregon 
and Washington, Roc ky 
Mountains' north to 
Canada and Alaska 

Cedar, incense 

California. Oregon, and 
Nevada 

Larch, western 
Montana, Idaho. 
Oregon, and 
Washington 



Type of Wood and Location 



Pine, eastern white From 
Maine alonR the 
Appalachian Mountains 
to Georgia and the Giedl 
Lakes stales 

Pine, lodge pole (knotty) 
Rocky Mountains and 
Pacific, coast to Alaska 

I'ine, pilch 

Maine and northern New 
York, south to Tennessee 
and Georgia 

Pine, pond 

New lersev 1 Florida 

Pine, ponderosa 

From Arizona and New 
Mexico to South Dakota 
and westward to the 
Pacific toast mountains 

Pine, red 

New England slates, New 
York. Pennsylvania, and 
Ihe Great lakes states 

Pine, southern yellow 
New York and New 
lersey. southward to 
Honda, westward to 
Texas and Oklahoma, 
and norlh lo the Ohio 
Valley and Missouri 

Pine, sugar 

From Ihe Pacifu < oast 
and Cascade Mountains 
of Oregon along coast 
ranges and Siena Nevada 
ot California 



Type of Wood and Location 



Pine, western while 
Western Montana, 
northern Idaho. 
Washington, Oregon, 
and California 

Cedar, Pod Ortord 

Pacific coast from Coos 
Bay. Oregon, south lo 
Calilorma; extends only 
40 miles inland 

Cedar, red, easlern 
Eastern hall of the 
United Slates except 
Maine, Honda, and small 
area along Gulf coast 

Cedar, red, western 
Pacific coast north lu 
Alaska: also in Idaho and 
Montana 

Redwood 

In Ihe Sierra Nevada of 
California 

Spruce, eastern 

Greal Lakes stales. New 
England and the 
Appalachian Mountains 

Spruce. Lngelmann 
High elevalions ol Ihe 
Roc ky Mountains 

Spruce, Sitka 

Northwestern coast ol 
the United Stales Irom 
California to Alaska 

Tamarack 

F rom Maine to 
Minnesota 





auAicreii SAWN 



Figure 850-8. Methods of sawing. 

Lumber sawed so that the annual rings form 
an angle of 45 degrees or less with the wide 
face of the piece is called plain-sawed or 
flat-grained lumber. Quartersawn, edge- 
grained, or vertical-grained lumber refers to 
boards in which the annual rings are at an 
angle of 45 degrees or more. 



Source Adapted from Caleb Hornfiostel. CcvritftXitQfl Malenaiv Wiley. New Ynrk 
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S1S2I 



S2E 



PE&fRiH nON 



Table 850-10. REGIONAL CLASSIFICATIONS AND ORGANIZATIONS 



SURFACING 
ONE SIDE 



SURFACING 
ONE BIPE 
ONE LK,L 



SURFACING 

rwo SIDES 



3UKFAI IN i ' 
ONE SIPE 
IWO EWSE5 



SURFACING 
ONE EDGE 



SURFACING 
TOOSIDtS 
ONE EDGE 



SURFACING 
TWO SIDES 



SURFACWC. 
FOUR SIDES 



Figure 850-9. Surface Finishing. 



Species Covered by Grading Rules 



Name of Grading Authority 



Bald cypress. eastern red cedar 



Balsam fir. eastern white pine, ted pine, eastern 
hemlock, black spruce, white spruce red 
spruce, pitch pine, lamarack. jack pine, 
northern white cedar 

Bigtrxith aspen, quaking aspen, eastern while 
pine, red pine, lack pine, black spruce, white 
spruce, red spruce, balsam fir, eastern 
hemlock, lamarack 

Western red cedar (shingles and shakes* 



Redwood 
Bald cypress 

Unreal pine slash pine, shortleal "pine loblolly 
pine, Virginia pine, pond pine, pilih pine 

Douglas fir. western hemlock, western red 
cedar, incense cedar. Port Ortord cedar, 
Maska • I'dai western Hue ins mountain 
hemlock. Sitka spruce 

Ponderosa pine, western white pine. Di>uglas 
lir. sugar pine, western true firs, western 
larch, tnglemann spruce, incense cedar, 
western hemloi k, lodgepole pine, western 
red cedar, mountain hemlock, red alder 

Coast Sitka spruce. Douglas tir. larch [north), 
eastern while pine (north), western white 
pine 



Malmii.il Hardwood lumber 

Association (NHLA) 

Memphis, Tennessee 
Northeastern Lumber Manufacturer's 

Association 

I jlmoLilh. Maine 

Northern Hardwood anil Pine 
Manufacturers' Association 
(NMPMA) 

Green Bay, Wisconsin 
Red Cedar Shingle and Handsplil 

Shake Bureau (RCSHSBl 

Bellevue. Washington 
Redwood Inspection Service 

Mill Valley. California 

Southern Cypress Manufai tuieis 

Association (SCMA) 

Memphis, Tennessee 
Southern Pine Inspection Bureau (SftB) 

Pensacola, I lorida 
West ( oast I umber Inspection Bureau 

(WCLIBI 

Purlland, Oregon 

Western Wood Prodocls Association 
(WWPA) 
Portland. Oregon 



National I umber Grades Authority 
(NLGAi 

Vancouver. British Colombia. 
Canada 



Source: U.S. Fnresl Prnduils laboratory Wood Engineering Handbook. Prentice Hall. Englewood Cliffs, 
New Jersey. 



12 MACHINE S-DRY 
AM® RATED 
^1500f 1.4E 



HEM 
FIR 



Figure 850-10. Stamp for machine 
stress-graded lumber. 



operations that adversely affect the appear- 
ance or strength and consequent grading of 
the wood member (Figures 850-2 through 
850-5). 

Improper sawing may produce cross- 
grain that diminishes the strength of a 
wood member. This occurs when either the 
fibers and/or the grain in a piece of wood 
are not parallel to the edges (Figure 850-4). 
Cross-grained lumber should be avoided 
because it is more susceptible to warpage, 
end shrinkage, rough faces, torn or lifted 
grain, and structural weakness. 



Grading systems correspond with stan- 
dard stock sizes of lumber (see Table 
850-11). Structural grades in a few species 
(e.g., Douglas fir and southern pine) have 
additional requirements based on density 
and growth ring count. 

Machine Stress-Rated Lumber: 

Lumber 50 mm (2 in) thick or less may be 
machine stress-rated at the sawmill in order 
to standardize and guarantee the load- 
bearing capacity of each piece. As the piece 
leaves the machine, a stamped impression 
is made which specifies values for fiber 
stress in bending (stamped as f) and modu- 
lus of elasticity (stamped as E) (Figure 850- 
10). Design values for machine-graded 
lumber are given in Table 850-3. 



3.0 STANDARD LUMBER 
DIMENSIONS 



3.1 Nominal Sizing 

Cross- sectional lumber specifications typi- 
cally refer to the nominal size of a piece, or 



the size before shrinkage and planing, 
rather than the actual size. Actual dressed 
dimensions are smaller than nominal 
dimensions. Dimensions of length are near- 
ly exact because shrinkage longitudinal to 
the grain is negligible. 

3.2 Yard Lumber Sizes and Grading 

Yard lumber refers to standard construction 
lumber, as opposed to worked lumber and 
special wood products. All yard lumber is 
classified into one of three categories. 
Boards are typically 25 mm (1 in) thick and 
50 mm (2 in) wide or greater, Dimension 
lumber is generally 50 - 100 mm (2 - 4 in) 
thick and 50 mm (2 in) wide or greater. 
Timbers are usually greater than 125 mm (5 
in) thick and 125 mm (5 in) wide. Table 
850-3 lists common yard lumber sizes and 
grading. The nomenclature and sizing for 
this classification system are fairly standard 
and are recognized by most regional grad- 
ing authorities, although minor variations 
may occur. 
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3.3 Methods for Specifying Sizes 
and Quantities of Lumber 

There are four common methods for speci- 
fying size and quantity of lumber: 

1. Board measure or board feet measure 
(BDM or BD FT) refers to volumes of 
lumber of a stock of nominal thick- 
ness and width. Board measure is typ- 
ically used when specifying boards 
(Figure 850-11). 

2. Lineal Meter (Feet): Boards may be 
ordered by the lineal meter or foot (or 
running foot) (Lm. Lf or Lft) of a stock 
of nominal thickness and width. 

3. Nominal size and length: yard stock is 
often ordered by numbers of specific 
pieces. Lengths of yard lumber typi- 
cally range from 2 to 4 m (6 to 24 ft) 
in 0.6 m (2-ft) increments. Some lum- 
ber mills will cut lengths to exact 
specifications upon request. 



4 Areas to be covered: shakes and shin- 
gles are ordered according to an area 
to be covered. One square unit covers 
9.3 nv (100 ft-') of area when laid with 
a normally exposed coursing width. 



4.0 SPECIAL PRODUCTS 



4.1 Plywood 

Plywood refers to sheet lumber that is man- 
ufactured by bonding together several lay- 
ers of wood veneer under high pressure 
with a waterproof or water-resistant adhe- 
sive (Figure 850-12). A solid lumber or fire- 
resistant mineral core may also be incorpo- 
rated. Plywood is manufactured for both 
indoor and outdoor applications and is typ- 
ically available in 1.2 m x 2.5 m (4 x 8 ft) 
sheets. Only exterior grade plywood is dis- 
cussed in this section. 

Plywood panels are manufactured from 
a variety of wood species and may consist 
of more than one kind of wood. Species 
that make up the various veneers are clas- 



sified according to stiffness and strength 
into one of the five groups, as established 
by the National Bureau of Standards 
(Product Standard PS 1). Group 1 species 
produce panels with the least strength and 
stiffness. 

Construction plywood can be used in 
exterior applications. It is manufactured pri- 
marily from softwoods, although hard- 
woods are sometimes used. Decorative 
construction and industrial hardwood are 
types of plywood that are used primarily in 
interior applications only. 

Properties: 

Apart from the characteristics of the 
veneer, the most important properties of 
plywood are the result of its cross-laminat- 
ed construction, such as durability, bending 
strength and stiffness, and shear resistance. 

Durability: refers to the ability of a ply- 
wood to remain intact over time. The glue- 
line used to bond veneers is as durable as 
the wood itself, enabling the material to be 



Table 850-11. YARD LUMBER SIZES AND GRADING 



Type of tare* 
Lumber 


Com man Sizes' 


Common Slock 


Available Grades and Comments 


Thickneiscis 


Face Widths 


Sprettfk Stock 


Nominal Thickness 


Nominal 
Width 


Nominal 


Minimum 
Dressed 


Nominal 


Minimum 
Dresied 


Dry 


Green 


Dry 


Green 


Boards 








1 


1* 


IK 


Sheathing, 


1 in 


2 in or 


Select, good appearance. Common for general 


generally I 








3 


2* 


2** 


siding. 




more 


used where natural or conslruitlnn and 


in thick, 








4 


M 


>*« 


flouring. 






painted finish is uhlilv 


greater than 








5 


4* 


4k 


paneling 






il,.*ired 


of equal to 


I 


t, 


">u 


h 


s>s 


5k 


Siding 


1 hit kness expressed 




a B& BIB and belter); a N.j 1 Common 


2 -in will* 








7 




b% 




as dimensions of 




hiRhesl grade lor exterior (highest common 




I k 


1 


1 kj 


a 


7k 


tn 




butt edge 




finish, trim, paneling, gr.ldel 










9 


as 


M 








siding. Ilooring, and a No 2 Common 




Ik 


lk 


t%> 


10 


9* 


9k 


Moulding and 


Thickness expressed 




moulding a Mn tCoiiiniuii 










1 1 


ton 


10k 


Inm 


as size al thickest 




a C Select: less quality a Nil 4 Common 










12 


1 1 is 


ilk 




and widest points 




and cost than B & B a No 5 Common 










14 


13k 


13k 








■ D Selecl. less quality (lowest grade) 










It 


15* 


15k 








and cost than C Selec t 


Dimension 








2 


IN 


1»» 


Lighi framing 


2-4 in 


2 -4 in 


For uses not demanding high strength such as 


2 -4 in 








3 


2 iS 


2*. 


Inot stress- 






blinking and plates 


ihicfc, 








4 


la 


1*. 


graded) 








greater 


2 


n 


l»» 


5 


4 IS 


t% 








a Construction low in bending strength 


than or 


ft 


2 




t 


5 k 


5* 








a Standard, less strength than construction grade 


equal in 


1 


2* 




a 


7k 


7k 








a utility: very low in bending strength 


2-m wide 


M 


3 


3*a 


10 


9k 


9k 


















12 


It* 


ilk 


















14 


13k 


13k 


Structural light 


2-4 in 


2-4 in 


lor engineering uses, especially when greater 










ie. 


15k 


15k 


framing 






strength in bending is needed 










2 


in 


i*;. 








a Select Structural, highest bending strengths 










1 


2» 


mi 








a No. 1. less strength than select strui tural grade 










4 


3k 


MU 








a No 2: less strength than No. 1 grade 










5 


4k 


4k 








a No 3 lowest bending strength ol structural light 




4 


M 


jr,> 


b 


5k 


5k 








framing pieces 




4k 


4 


41., 


I 


7k 


7S 


















10 


9k 


9k 


















12 


IH 


IU 


















14 




1 f- 

_. 


Studs (always 


2 4 in 


2-6 in 


For use In walls 



• Nominal anrt minimum dressed si;es or lumber products are shown in inches 

1 Selril means high quality, nol necessarily guaranteed to be a good surface tor painting and lintshing 
t Timbers are sawn and surfaced in green condition 

Source Adapted /rum Caleb Hotrlbciytel. Construction Materials. Wiley. New York 
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Table 850-11. (cont.) 







Common Sites* 






Common Stock 


Available Grades and Comments 


Typ* of Yard 
Lumbar 


Thicknesses 


Face Width! 


Sprecrfic Stock 


Nominal Thickness 


Nominal 
Width 


Nomin.il 


Minimum 
Dressed 


Nominal 


Minimum 

;.r. V.-.l 




re en 




"™ 










tb 




1SH 


in lengths 






















of 1 II oi 
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Figure 850-11. Board Foot Calcu- 
lations. Board measure is computed using 
nominal dimensions. The smallest value 
used in computations is 7 in. 



exposed out-of-doors without delaminat- 
ing. Checking occurs less in plywood than 
in common lumber. Paints or stains can 
protect against weathering or chalking. 
Preservatives are required in areas of high 
decay or termite hazard. 

Bending strength and stiffness: refers 
to the strength and stiffness of plywood in 
its plane, a property that makes it suitable 
as a bracing material. The grain of the face 
should be placed perpendicularly to the 



support members. The minimum recom- 
mended thickness for a bracing support is 
10 mm (5/16 in). 

Shear resistance: refers to the ability of 
plywood to distribute loads applied perpen- 
dicularly to its face without shearing 
Plywood has a great ability to bear loads 
from nails and can be securely nailed as 
near as 5 mm (1/4 in) to its edge. 



1. Construction plywood is used in exterior applications. It is manufactured primarily 
from softwoods, although hardwoods are sometimes used. 

2. The glue used to bond wood veneers is as durable as the wood itself, enabling the 
material to be exposed out-of-doors without delaminating. Checking occurs less in 
plywood than in common lumber. 

3. Plywood Is categorized into appearance grades based mainly on visual characteristics 
and engineered grades based mainly on strength (see Table 850-12). 
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5 LAYER (6 PLY) 



Figure 850-12. Plywood construction. Typical three- and five-layer construction 
with parallel-laminated crossbands in the 4- and 6-ply panels. 



Grades: 

Plywood is categorized into: (1) appear- 
ance grades, which are based mainly on 
the appearance of the outer plies, and (2) 
engineered grades, which are based mainly 
on properties of strength. Exterior grades 
for both categories are described in Table 
850-12. Exterior (waterproof) types incor- 
porate Grade C veneer or better through- 
out the panel. They retain their glue bond 
when repeatedly wetted and dried and are 
manufactured for permanent outdoor 
exposure. 

Appearance Grades: The grade designa- 
tion is based primarily on the appearance 
and quality of the facing veneer as well as 
on the species groups of the component 
layers. The grade of a plywood is indicated 
on the piece by two letters describing the 
face and the back veneer (Table 850-13). 
Panels are sanded smooth on both sides for 
appearance and balanced construction. 
Decorative surfaces are also available. 

Engineered Grades: These grades are 
developed for wall sheathing, roof sheath- 
ing, subflooring, and underlayment to 
ensure a suitable base for overlaying mate- 
rials (Table 850-14). Engineered plywood 
requires stiffness and strength, nail holding 
ability, durability, dimensional stability, and 
resistance to puncture and impact. 
Identification index numbers or span rat- 
ings are based on the species group, thick- 
ness, bending strength, and stiffness of the 
face and back plies of the panel (Table 850- 
15). 

4.2 Particleboarct 

Particleboard is sheet lumber consisting of 
wood chips or sawdust glued together 
under heat and pressure to form 1.2 m x 
2.5 m (4 x 8 ft) panels. Waferboard is com- 
posed of wafers of wood that measure sev- 
eral millimeters square, that have been 
glued, heated, and pressed into 1.2 m x 2.5 
m (4 x 8 ft) panels. 

Particleboard is a uniform material pro- 
duced with various uniform surface tex- 
tures, some of which can easily be painted 
or finished. The binder and additives cho- 
sen determine the strength, abrasion resis- 
tance, fire resistance, and durability of the 
panel. Particleboard is weak in tension per- 
pendicularly to the face. The screw or nail 
holding ability may be poor in some parti- 
cleboard's. 

Particleboard is dimensionally stable and 
warp-resistant. Its stability depends upon 
the density of the compressed particles and 
the type of glues used. Common uses of 



particleboard include sheathing, underlay- 
ment, and siding. Grades of particleboard 
suitable for exterior use are shown in Table 
850-16. The thicknesses range from 3 to 
50 mm (1/8 to 2 in). 

4.3 Wood Shingles and Shakes 

Shingles: 

Most wood shingles are produced from red 
cedar growing in the Western USA, 
although eastern white cedar, tidewater 
cypress, and California redwood are also 
available. Shingles are sawn from blocks of 
wood to produce smooth faces. Surfaces 
can be sawn smooth or later grooved (stri- 



ated by machine). Special shapes are some- 
times available (Figure 850-13). 

Available Sizes: Shingles are produced 
in random or specified widths (i.e., dimen- 
sion shingles). Random widths range from 
a minimum of 75 mm (3 in) to a maximum 
of 350 mm (14 in), and dimension shingles 
are either 125 or 150 mm (5 or 6 in) wide 
All are available in three standard lengths 
(Table 850-17). Standard thicknesses of 
shingles are described as 4/2, 5/2-1/4, and 
5/2 (four shingles to 2 in of butt thickness, 
five shingles to 2-1/4 of butt thickness, and 
five shingles to 2 in of butt thickness). 
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Table 850-12. TYPICAL EXTERIOR GRADES AND USES OF PLYWOOD 
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Recommended for siding and other 
outdoor applications Ideal base for paint 






C 
























303 SidmgFXT- 


Special surface treatment such as V- 


* 


c 


C 






Q 


a 











o 








APA" 


groove. channel groove, striated, 
brushed, rough sawn 






























Marine EXT- 


Made only with Douglas fir or Western 


A 


B 


A 














o 




o 




o 




APA 


larch Special solidioinled core 
construction. Sublet to special 
limitations on core gaps and number of 
face repairs. Also available with HDO or 
MDO faces. 


B 




B 


1 
























Engineered' 


C-C EXT-APA 


Unsanded grade with waterproof bond 


C 


C 


G 









Q 


a 





o 


□ 


o 


o 


o 


Strmlur.il 1 C-C 


For engineered applications in 


C 


c 


c 




n 







o 


□ 


o 




o 


o 


o 


EXT APA 


construction and industry where full 
exterior type panels are required. 
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1 N - smooth surface "natural" linish veneer. Selett, all heartwinid. or all sapwood. Free of open defects. Allows 
nol more than six repairs, wood only, per -1X8 panel Made parallel to grain and well-matched tor grain and color. 

A ■ smooth, paintable. Not more than 18 neaily marie repairs, boat, sled, or router type and parallel tt) grain, 
permitted May be used lor natural finish in less demanding appln alums. 

B - solid surlace. Shims, circular repair plugs, and tight knots to 1 in across grain permitted. Some minor splits 
permitted: 

C plugged = improved C veneer wilh splits limited to Hi-in width and knotholes and borer holes limited to U X ft 
in Admits some broken grain Synthetic repairs permitted 

I - light knols to 1 ft in Knulholes In 1 in across grain and some to 1 ft in if total width ot knols and knotholes is 
within specified limits. Synthetic oi wood repairs Discoloration and sanding defects that do not impair strength 
permitted Limited splits allowed Mitt hinw; permilted 

D = Knots and knotholes to -'ft in width across grain and ft in largei within specified limits limited splits are per 
milled. Stitching permitted limited in interior grades ol plywood. 

h Available in gtoup 1,2, 1, 4, or S unless otherwise noted. 

' Sanded on both sides except where decoralive or other surlaces specified 

Standard 4 y M panel sizes, othei sizes available 

' Also available in Structural I 

1 Also available in Structural I (all plies limited to group 1 species) and Structural II lall plies limited to group 1 , 2. or 
3 species) 

«C oi better fnr five plies: C plugged or better for three ply panels 
1 Stud spacing is thnwn nn Trademark sl.imp. 

Made only in woods of certain species to conform to APA speciticalions. 

Made in manv different species combinations Specify by span rating. 

Source. Adapted Irom the American Plywood Association, Guide to ( .rades and Spei ifical/ort. lacoma. Washington 
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Table 850-13. APPEARANCE GRADES OF PLYWOOD (EXTERIOR TYPE) 



Grade 
Designation'' 




Veneer Grade 


Most Common Thicknesses, in* 


Description and Most Common Uses 


In ner 

Face Back Plies 


A-A 

EXTAPA 
A-B 

EXTAPA 
A-C 

EXTAPA 
8 B 

EXTAPA 

B-C. 

EXTAPA 

HDO 
EXTAPA 

MDO 
EXTAPA 

303 

Siding 

EXTAPA 

Till 

EXT-APA 

MAKINF 
EXTAPA 


Use where appearance of both sides is 
important. Fences, built-ins, signs, boats, 
cabinets, commercial refrigerators, 
shipping containers, mte boxes, tanks, and 
ducts' 1 

Use where the appearance of one side is less 
important. 

Use where the appearance of only one side is 
important Soffits, fences, structural uses, 
boxcar and truck lining, (arm buildings, 
tanks, trays, and commercial refrigerators. d 

Utility panel with solid faces d 

Utility panel for farm service and work 
buildings, boxcar and truck lining, 
containers, tanks, agricultural equipment. 
Also as base for exterior coatings for walls, 
roofs,** 

High density overlay IHDO) plywood. Has a 
hard, semiopaque resin-fiber overlay, both 
(aces. Abrasion-resistant For concrete 
forms, cabinets, counter tops, signs and 
tanks.* 1 

Medium density overlay |MDO| with smooth, 
opaque, resin-fiber overlay, one or both 
panel faces. Highly recommended for 
siding and other outdoor applications, 
built-ins, signs, and displays. Ideal base for 
paint.' 1 

Proprietary plywood products for exterior 
siding, lencing. etc. Special surface 
treatment such as V-groove. channel 
groove, striated, brushed, rough-sawn. -4 -ft 
X 9-ft and 4 ft x 10-fl panels available 

Special 303 panel having grooves H in deep, 
ft in wide, spaced 4 in or 8 in o.c. Other 

tiurino /ml iois.il Frloes shiolanllerl 

Available unsandcd, textured, and MDO. 
4-ft X 9 ft and 4-ft x l()-ft panels 
available 

Ideal for boat hulls Made only wilh Douglas 
fir or western larch Special solid |oinled 
core construction Subject to special 
limitations on core gaps and number of 
face repairs. Also available with HDO or 
MDO faces. 
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A A r 
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c c 
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blr 

A A 
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B B 


1 <i * % * •* * "w *< 
i * ■ » * * <fc * * 

I % « «• K % * % % 
* « % *. 

ft » Fjfa y> 'fe % 



' Sanded both sides except where decorative or other surfaces specified 
''Available in Croup 1, 2, 3, 4, or 5 unless otherwise noted. 
' Sandard 4 X B panel sizes, other sizes available 

11 Also available in Structural I |all plies limited to Croup 1 species) and Structural II (all plies limited to Croup 1, 2. 
or 1 species) 

» C or better tor S plies C plugged or better for 3-ply panels. 

For strength properties of appearance grades, refer tn "Plywood Design Specification," form YSIO. American Ply- 
wood Association 

Source: American Plywood Association, Guide to Crades and Specifications, Tacoma, Washington. 
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Table 850-14. ENGINEERED GRADES OF EXTERIOR PLYWOOD 
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Grade 


Description and Most Common Uses 


Inner 

Face Back Plies 


Most Common Thicknesses, in 


Structural 1 C- 
C EXT-APA 
and 

Structur.il II 
C-C EXT 
APA 


For engineered applications in construction 
and industry where full exterior type panels 
are required. Unsanded. See t (or species 
group requirements. 


C C C 




B B Plyform 
Class 1 and 
Class II 
EXT-APA 


Concrete lorm grades with high reuse factor 
5anded on both sides. Mill-oiled unless 
otherwise specified Special restrichons on 
species. Also available in HDO.' 


BBC 





Also available in Structural I (all plies hmiled to Croup 1 species) and Structural II [all plies limited to Croup 1, 2 r 
or 3 species). 
Also available in Structural I. 



Source American Plywood Association, Guide to (sades and 5peo/.ca..om, Tacoma, Washington 
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Grades: Grades for western red cedar 
shingles are shown in Table 850-17. Grades 
for northern white cedar are Extra, Clear, 
2nd Clear, Clear Wall, and Utility. Grades 
for bald cypress are No. 1, Bests, Primas, 
Economy, and Clippers. Grades for red- 
wood shingles are No. 1, No, 2 VG, and 
No. 2 MC. 

The No. 1 grade for all species of wood 
is all clear, all heartwood, and all quarter- 
sawn The lower grades are quartersawn or 
plain-sawn, have heartwood and sap wood, 
and have increasing degrees of imperfec- 
tions. 

Shakes: 

Shakes refer to hand-split shingles; they 
have rough, split faces and either sawed or 
split backs (Figure 850-14). Most shakes 
are split by machine. All shakes are manu- 
factured from western red cedar. 

Three common types of shakes are: 

1. Taper-split: These shakes have a uni- 
form texture and 100 percent edge- 
grain. Preferred for siding. 

2 Straight-split: These shakes have a 
uniform texture and 100 percent 
edge-grain. Preferred for siding 

3. Hand-split and resawed: These 
shakes have heavy butt lines, a 
rugged appearance, and 50 to 100 
percent edge-grain. Preferred for 
roofing. 

Available Sizes: Shakes are manufac- 
tured in random widths [minimum of 100 
mm (4 in)] and in lengths of 450 mm (18 



Table 850-15. 
PLYWOOD 



GUIDE TO SPAN RATINGS FOR ENGINEERED GRADES OF 



C-O INT-APA 
C-C EXT-APA 





Croup 1 and 


Croup 2t or 3 




Thickness, in 


Structural 1 


and Structural llt,$ 


Croup 4) 


yit, 


20/0 


16/0 


12/0 


3/8 


24/0 


20/0 


16/0 


1/2 


32/16 


24/0 


24/0 


5/8 


40/20 


12/16 


30/125 


m 


48/24 


40/20 


32/1 hi 


7/B 




48/24 


40/20 



* "Span rating" is designated by two numbers separated by a slash, where the firn number represents 
ihe maximum recommended supporl sparing when Ihe sheet is used as root sheathing, and the second 
number represents Ihe maximum recommended support spat ing when the sheel is used as subtlooring 

t Panels with Group 2 outer plies and special thickness and construclion requirement or Structural II 
panels with Croup 1 faces may carry Ihe span raling numbers shown lor Croup 1 panels 

i Panels made with Croup 4 outer plies may cany Ihe span raling numbers shown for Croup i panels 
when Ihey conform to special ihitknev. and conslrurtion requirements detailed in PS 1 

{ Check local availability. 

Source: American Plywood Association, Guide to Grades and Specifications Tacoma, Washington. 



1. Most wood shingles are produced from western red cedar, although eastern white 
cedar, tidewater cypress, and California redwood are also available. 

2. The No. 1 grade for all species of wood is all clear, all heartwood. and all quarter- 
sawn. The lower grades are quartersawn or plain-sawed, have heartwood and sap- 
wood, and have increasing degrees of imperfections. 

3. All shakes are manufactured from western red cedar (graded No 1 and 100 percent 
heartwood) and are used primarily for siding or roofing 

4. Shingles and shakes can be used in the landscape for railings on decks and bridges, 
and for free-standing fences, walls and screens. 
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in), 600 mm (24 in), and less frequently 
800 mm (32-ln). A starter-finish course of 
375 mm (15 in) is also available Shake 
thicknesses range from 10 to 30 mm (3/8 
to 1-1/4 in). Table 850-18 lists common 
types and sizes of red cedar shakes. 

Grades: All cedar shakes are graded No 
1 and are 100 percent heartwood, free of 
both bark and sapwood (Table 850-18). 

4.4 Glue- Laminated Beams 

Glue-laminated beams (glulams) are large 
structural members composed of pieces of 
lumber that have been placed with the 
grain running longitudinally, glued with 
adhesive, laminated, and, if specified, bent 
into various shapes (Figure 850-15). 
"Glulams" are adaptable to construction 
needs and offer a variety of shapes, sizes, 
and strengths. 

Their strengths are greater than lumber 
due to their increasing member size as well 
as to selectively using strong laminates on 
the outer layers where the stress is greatest. 

Lumber species commonly used in the 
manufacture of glue-laminated beams 
include Douglas fir, larch, hemlock, fir, red- 
wood, and southern yellow pine 

Clue-laminated beams for exterior appli- 
cations require certain adhesives and 
preservative impregnation. If the site is par- 
ticularly humid, all-heartwood construction 
may be warranted. 

Commercially available sizes of glue- 
laminated beams are indicated in Table 
850-19, although other sizes are available. 
Heights can vary, typically up to 3 m (10 ft). 
Lengths vary as the task demands, typical- 
ly up to 40 m (130 ft). 



5.0 PROTECTIVE TREATMENTS 



Figure 850-16 shows regions in the United 
States where precautions against decay are 
necessary. 

5.1 Types of Preservatives 

Wood preservatives are classified as either 
oilborne or waterborne preservatives. 
Creosote is an oilborne preservative with 
widespread use in the past. However, it has 
been proved to be a carcinogenic substance 
that is now restricted in several states and 
municipalities. Its use should be avoided. 

Oilborne preservatives: the most com- 
monly used of which is pentachlorophenol, 
are not quite as effective as creosote com- 
pounds but are suitable for all but the most 
demanding situations (Table 850-20). Their 
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Table 850-16. EXTERIOR GRADE 
PARTICLEBOARDS 



Grade 


Density, lb/ft' 


2-H-1 


High Sn and over 


2-H-2 


High: 50 and over 


2-M-l 


Medium: 37 50 


2-M 2 


Medium: 17-50 


2-M-3 


Medium: 37-50 


2-MW* 


Medium: 37 50 


2-MFt 


Medium: 37-50 


•W indicate! thai this product is made Irom 
wafers. 

1 r indicates th.it this product is made from (lakes. 



Sourre National Particleboard Association, Partr 
debonrd. the Versalife Product of Ine 1960s. 



Figure 850-13. Fancy butt red cedar 
shingles, fancy butt shingles are 725 mm 
(5 in) wide and 190 mm (7V, in) long, cus- 
tom produced to individual orders. 



disadvantages include toxicity and discol- 
oration of wood (turning it brown), but 
they are relatively odor-free and can be 
painted over if they are applied using lique- 
fied petroleum gas (LPG) rather than a 
heavier oil as a base. Water-repellent 
preservatives are used to treat wood prior 
to painting. The use of oilborne toxic 
preservatives should be limited to situations 
dictating extreme protection. 

Waterborne preservatives: are salts 
which have the advantage of being clean, 
odorless, and can be painted (Table 850- 
21), Treated wood are typically stained a 
light tint of green. 

5.2 Fire Retardents 

Fire hazards related to wood can be 
reduced some by use for fire retardants 
which are produced for both indoor and 
outdoor use for safety or insurance reasons. 
Wood is easily painted after treatment. 



5.3 Methods of Application 

The effectiveness of a particular preserva- 
tive often depends on the manner in which 
it is applied to the wood. Penetration by 
pressure treatments will be complete in 
sapwoods but only partial in heartwoods 
due to the higher density of the wood. The 
best pressure treatments can protect wood 
for 30 to 60 years. The six most used 
methods of application are: 

Brushing or Spraying: a preservative on 
wood relies on capillary action for penetra- 
tion and is effective to depths of a few mil- 
limeters into the wood. The process is ade- 
quate for many situations. 

Dipping: wood members into a solution 
for approximately 3 minutes also relies on 
capillary action for penetration. Dipping is 
more effective than brushing or spraying 
because checks and cracks are completely 
filled with preservative. 



1 . Wood preservatives are classified as either oilborne or waterborne preservatives. 
Oilborne preservatives are inherently toxic and should not be used if waterborne 
preservatives are a viable alternative. 

7. Creosote, an oilborne preservative, has been proven to be carcinogenic and should 
not be used. Other oilborne preservatives such as pentachlorophenol, are not quite 
as effective but are suitable for most situations dictating extreme protection. 



3. Waterborne preservatives are salts which have the advantage of being clean, odor- 
less, and can be painted. Pressured-treated wood is typically stained a light tint of 
green 
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Table 850-17. GRADES, TYPES, AND SIZES OF RED CEDAR SHINGLES* 



Bundles or Cartons 
per Square t 



Grade 


Type, in 


No. 


Weight, lb 


Description 


No. I. Blue label 


24 (Royals) 


4 bundles 


m 


Premium grade of shingles for tools and walls These are 




18 (Perfections) 


4 bunnies 


158 


100'«j heartwnod. clear, and edge-grain. 




16 (XXXXX) 


■1 bundles 


144 




No. 2, Red label 


24 (Royals) 


4 bundles 


192 


A good grade tor most applii ,itmns Not less than 10 in clear 




10 (Perfection*) 


l bundles 


i SB 


on 16 in shingles. 1 1 in clear on IB in shingles, and 16 in 




16 (XXXXXI 


-1 bundles 


M4 


clear on 24-in shingles. Flat grain and limned s.ipwuod are 
permitted. 


No. 3. Black label 


24 (Royals) 


4 bundles 


192 


A utility grade for economy applications and secondary 




18 (Perfections i 


4 bundle. 


158 


buildings. Guaranteed 6 tn clear on 1 b in arid IB-in 




16 (XXXXX) 


■i bundles 


144 


shingles, 10 in clear on 24-in shingles. 


No. 4, Under- 


18 (Perfection*) 


> bundles 


60 


A low grade tor unrlerc nursing tin double coursed sidewall 


coursing 


1(7 (XXXXX) 


1 bundles 


60 


applications. 


No. 1 or No. 2. 


IB (Perfections! 


1 carton 


60 


Same specifications as No. 1 and No I grades above bul 


Rebutter! .mil 


16 (XXXXX) 


I carton 


60 


machine-trimmed (or exactly parallel edges with butts 


rejointed 








sawn at prei ise right angles Used lor sidewall application 
where tightly filling joints between shingles are desired. 
Also available with smooth sanded face. 


No. i. Machine 


18 (Perfections) 


1 carton 


60 


■same spei tin atmns as No. 1 and No 2 grades above; these 


grooved 


16 (XXXXX) 


1 carton 


60 


shingles are used at maximum weather exposures and are 
always applied as the outer course of double-coursed 
sidewalls. 


No 1 or No. 2, 


24 (Royals) 


4 bundles 


192 


Same specifications as No. 1 and No 2 grades above, except 


Dimension 


18 1 Per let t ions) 


4 bundles 


158 


they are cut to specific uniform widths and may have 




16 IXXXXX) 


4 bundles 


144 


butts trimmed in special shapes. 


No. 1 or No. 2, 


18 (Perfections) 






Same specifications as No. 1 and No. 2 grades above; 


Hip and ridge 


16 IXXXXX) 






factory -cut, mitered, and assembled units produced for a 
6-in-12 slope and ad|ust to lit slopes between 4 in 12 and 



8 in 12. 

• Redwood, while cedar, and cypress shingles are also available. Grades and lypes will vary 

) Nearly all manufacturers pack tour bundles to cover 100 lt J When used at maximum exposures, undercoursing, 
rebutted-and-rejoinled, and machine grooved shingles typically are packed to cover 100 ft' when used at maximum 
exposure 

Source. Adapled with permission mini I l.mild B Olin, |ohn L. Schmidt, and Waller H Lewis, Comrrucfiorr Print i- 
pfei. Milertak, and Methody U.S. league nf Savings Institutions, Chicago. 



Table 850-18. TYPES AND SIZES OF RED CEDAR SHAKES 



Grade 



No. I, Hand-split and 
resawn 



Length and 
Thickness, in 



18 X * to* 
18 X % to IK 
24 X * 



Bundles 
per Square* 



lb per 
Square 



Description 



220 These shakes have split faces and sawn backs. Cedar blanks or 

250 boards are split from logs and then run diagonally through a 

260 handsaw to produce two tapered shakes from each. 



No. 1. Taperspllt 

No. I, Straight split 
(barn) 

No. 1. Starler tmish 

No I . Hip and ridge 



24 X lr to ft 
24 X * to I ft 
12 X * In 1H 
24 X * to* 



18 X Jt (true edgel 
IB X * 
24 X * 

IS x **»•«« 

IB X DtuH 
24 X * to 1 1t 



280 
350 
450 
260 



200 
200 
26(1 



Produced largely by hand, using a sharp-bladed sleel froe and 

a wooden mallet. The natural shingle like taper is achieved 

by reversing the block, end-lor-end, with each split. 
Produced in the same manner as taper-split shakes except 

that by sptUtlng Itom the same end of the block, the shape's 

acquire the same thickness throughniil 
These shakes are used as the starting oi united. iv i nurse at the 

caves and as the final course at the ridge 
Factory cut, mitered, and assembled units are produced lor a 

6 in 12 slope; they adjttjl (0 tit slopes between 4 in 12 and 

U in 12. 



•Generally represents the number of bundles required to cover 100 ft- when used for root construction at the 
maximum recommended wealher exposure. 

Source Adapted with permission (rom Harold B f >lin. John I Sihmidl, and Waller H Lewis. Construction Prmti- 
ples, Materials, and Metfiodj, U S League ot Savings Institutions. Chicago. 
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Table 850-19. TYPICAL SIZES OF 
CLUE-LAMINATED BEAMS* t 



Pfornin .si, in 


rtKi rtnisneo, in \ m m j 


i 


2 h (17) 


•i 


1 (79) 


b 


5 fc(t 10) 


8 


b t> (171) 


10 


a* (222) 


12 


10* (271) 


14 


12 K (311) 


1ft 


M * Iif>2| 



• Spe< widths ate available li.r partii uljr iobs 
Depths and span* vary in siM M constructed Ig 
mati h ihe neeriy iii .1 particular |uh 

f Standard widlhs. 

Source. C C Ramsey and H. K Sleeper. Arcnilei 

lumi uaiihit Sundimk. 9* ed., lohn K. Hoke 

ed.. New York, Wiley IW, 



TAPERCD SCUT 

I ~ 1 

STRAIGHT SPLrT 

I : 

HANP 5PLIT-ANP-RESAWN 



Figure 850-14. Types of wood shakes. 



STRAIGHT 




BOUBLt OOUBLL 
TAPERED CURVED TAPE RED PITCHED 



J 




DOUBLE 

TAPERED STRAIGHT 



Figure 850-15. Typical shapes of glue-laminated beams. 



Soaking: refers to dipping for up to 1 
day in a preservative bath, while steeping 
refers to immersion for more than 1 day in 
a waterborne preservative Soaking, and 
especially steeping, are very effective 
means of protection. 

Double-diffusion: refers to the steeping 
of a wood member in one bath for a few 
days and then a second bath for an addi- 
tional period of a few days, resulting in 
considerable penetration of the preserva- 
tive. 

Thermal Processes: achieves greater 
penetration and retention of a wood 
preservative if the wood members are 
immersed into a hot chemical bath fol- 
lowed by a cold chemical bath. This process 
is warranted in instances where dipping 
alone would be inadequate 

Pressure Treatments: relies on differ- 
ences in atmospheric pressure to force 
preservatives into wood tissue deeper than 
would otherwise be possible The full-cell 



process involves the vacuum removal of air 
out of the wood member, followed by 
forced entry of preservative into the tissue, 
resulting in high levels of penetration. This 
process is often used for wood that will be 
in contact with moist ground and for mem- 
bers used in marine environments. 

Empty-cell process: involves the forced 
entry of preservative into the wood tissue 
without prior vacuum air removal. 
Penetration is uniform and deep and leaves 
the wood surface drier than the full-cell 
process. The empty-cell process is suitable 
for the application of oilborne preserva- 
tives. 

5.4 Selection Criteria 

The proper selection of a preservative and 
the means of application depends on the 
specific situation where the wood is to be 
used. Table 850-22 summarizes common 
wood preservatives and applications for 
various situations. 
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Table 850-20. OILBORNE PRESERVATIVES 



Type of Preservative 



Composition 



Advantages 



Disadvantages 



rVnt.H hlnrophennl 



Copper 

naphlhenate 



Water- repellent 
preservativesf 



Mixture ot petroleum oils and 5% ot 
penlachlwophenol. also 2% 
penta in creosote 

Pena mixture comes mixed with 
either light oil. heavy oil, or 
liquified petroleum, gas (LPG). 

Mixtures penetrate into wood 
leaving penta deeply inbcdded 

LPG evaporates rapidtv after 
applying and leaves wood dean 
to touch. 

Mixture of petroleum oils and 0.J- 
0.5% copper metal equivalent 
(5-30% copper naphlhenalel 

Mineral spirits and 10-25% 

maximum of nonvolatlve matter 
including the preservatives; 
preservatives shall be not less 
than 5% penlachlornphenol. 
capper naphlheriale varies (mm 
1 2% 



High protection against decay lungi 
and termites; can be painted, no 
unpleasant odor, less easily 
ignited than coal-tar creosotes 
(lire tward compares to that ol 
untreated wood if volatile 
sulvenls are used and allowed to 
evaporate) 



Retards moisture changes in wood, 
good protection against detay 
and insects 



May alter color if dark colored 
petroleum oils are used, 
provides less protection 
against marine borers 



Gives wood greenish or dark 
color and provides less 
protection against marine 
borers than creosote 

Cannot be used in contat t 
with ground or areas where 
continual dampness can 
occur unless preservative is 
thoroughly applied (water 
repellent has little valuel 



• Some of the above wood preservatives may lie hazardous lo human health it exposure is not limiled or prevented, 
t Not less than 0.045% copper 8 quinolmolale lor areas where foodstuffs will be in contact with treated woods. 
Source. Caleb Hornbostel. torMrutiion Material*. Wiley, New York . 




Figure 850-16. Levels of decay potential in the United States. Zones illustrate 
levels of decay potential for wood in aboveground service. Darker tones indicate 
q increased potential for decay. Regions are determined based on rainfall and temperature 

O data. 



5 

o 
in 



Time-Saver Standards for Landscape Architecture 



850-23 



Table 850-21. WATER BORNE WOOD PRESERVATIVES 



Type of Preservative 

Atid topper chromatet 
iCelcure] 



C hromaled (.upper 

arsenate 
type It 

IF rdahth, Greensalt. 

lanalith, and CCA) 



Type lit 
IBoliden, K33) 

type mt 
(Wolman, CCA) 



Composition 



Advantages 



Disadvantages 



Chromated zinc chloride 



Chromated zinc chloride 
IFR)t 



Ammonical copper 
arsenitet 
(Chemnnitej 



Chromated zinc arsenate! 



Huor chrome 

Arsenate phenol t 
[Wolman salts. 
Osmosalts) 



Zinc melal arsenite 



31 .8% copper oxide and 68.2% 
chromic acid; (opper sulfate, 
potassium dichromate, or sodium 
dichromate may be substituted 
for copper oxide 

Paris by weight 

Chromium Copper Arsenic 
Irioxide oxide peiiloxide 
hi 17 22 



35.3 



47 



19.6 



19 



45 1 



34 



The following substitutions are 
permitted: sodium or potassium 
du hromalp for chromium 
Irioxide; copper sulfate, basic 
copper carbonate, or copper 
Irioxide for copper oxide; and 
arsenit acid or sodium arsenate 
for arsenic pentoxide 

80% zinc oxide and 20% rhromium 
Irioxide; the following 
substitutions are permitted: zinc 
chloride lor zinc oxide and 
sodium dichromate for chromium 
irioxide 

80% chromated zinc chloride, 10% 
boric acid, and 10% ammonium 
sulfate 



49.8% copper oxide, 50.2% arsenic 
pentoxide, 1.7% acetic acid; the 
following substitutions are 
permitted: copper hydroxide for 
copper oxide, and arsenic 
Irioxide for arsenic pentoxide 

20% arsenic acid. 21% sodium 
arsenate, 10% sodium 
dichromate, and 43% zinc sulfate 

22% fluoride, 37% chromium 
trioxide. 25% arsenic pentoxide, 
and 10% dinitrophenol, the 
following subslitutions are 
permitted: sodium 
penlachlorophenate for 
dinitrophenol. sodium or 
potassium fluoride for fluoride, 
sodium chfomate or dichromate 
for chromium trioxide, and 
sodium arsenate for arsenic 
pentoxide 

60 parts arsenious acid and 40 parts 
zinc oxide with sufficient acetic 
acid to maintain preservations in 
solution 



Good protection against insects and 
decay; can be painted; no 
ob|ectionable odur; impregnated 
with 0.5 lb/ft' (8.10 kg/m'); 
resistant to marine borer attack 



Fxreltenl protection against de< ay. 
fungi, and termites, good 
resistance to marine borer attack 
when only Limnuria and Terdeo 
borers are present 

Good protection against decay and 
insect attack; can be painted, no 
objectionable odor 



Moderately effective in contact wilh 
ground; good protection under 
somewhat drier conditions 



Retention of 1 ft-3 lb/ft' (24,03- 
48 0b kg/m') provides protection 
from decay and insect attack and 
has good fire-retardam 
characteristics 

Good protei lion against iletay and 
termite attack; protection against 
marine environment, provided 
pholad-type borers are not 
present 

Good protection against decay and 
termites; can be painted; no 
objectionable odor 

Good protection against decay, 
fungi, and insects in above- 
ground wood construction, and 
moderate protection when in 
contact with ground 



Good protection against decay and 
insects; can be painted; no 
objectionable odor 



Wood ran be in contact with 
ground or water, but 
degree of impregnation 
depends on use of wood 



Wood can be in contact with 
ground: used in salt water 
when only limnona and 
re/deo borers are present 

Can be in contact with 
ground or water 



Should nol be used in 
contact wilh ground or 
water because it has some 
leaching action 



Wood can be in contact with 
ground or water, but 
degree of impregnation 
and high retention of 
preservatives depend on 
end use of wood 

Wood can be in contact wilh 
ground but not water 

Wood cannot be used in 
contact with ground or 
water when good 
protection is required 



Wood can be used in 
contact with ground but 
generally not 

recommended for contact 
with water 



* Some of these wood preservatives may In* ha/, minus in human health if exposure is nor limited nr prevented 

I Many of these preservatives are trademark products covered by patents and should nol be used without the 
specific consent of the patentee. 

♦ Designation for fire relardanl 

Source: Caleb t tornbostel. Construction Mmerinh. Wiley. New York. 
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Table 850-22. SUMMARY OF WOOD PRESERVATIVE TREATMENTS 



Description 



Pressure Treatment: Waterbome Solutions 



AWPB I P-2 -Softwood lumber, limber, 
and plywood, pressure-treated wilh 
walerborne preservatives lui above 
ground use 

AWPB LP 22 Sufi wood lumber, limber, 
and plywood, pressure -treated with 
walerborne preservative for ground 
contact use 

AWPB I DN -Sotlwoori lumber, limber ami 
plywood, pressure-treated wilh 
walerborne preservatives lor ground- 
contact use 

AWPA C 21 Residential and commercial 
building poles, pressure-treated with 
walerborne preservatives 



AWPB LP- J— Softwood lumber, limlier. 
and plywood, pressure-treated with light 
petroleum solvenl-penta solution for 
aboveground use 

AWPB LP-33 Soliwuod lumber, limber, 
and plywood, pressure- treated with light 
petroleum solvent-penla solution for 
ground-contaci use 

AWPB I P 4 Sollwood lumber, timber, 
and plywood, pressure- treated with 
volatile petroleum solvent (L-PGl-peota 
solution for aboveground use 

AWPB LP-44-Softwood lumber, limber 
and plywood, pressure-treated with 
volatile petroleum solvent (LPGi -pent a 
solution lor ground -contact use 

AWPB CPU Residential and rommeri ial 
building poles, pressure-treated with 
penlachloropbenol in light hvdrocarbon 
solvent 

AWPB CP 44 Residential and rommen ial 
building poles, pressure-lreated wilh 
penlachloropbenol in volatile petroleum 
solvent (LPGI 

AWPA LP- 7 Softwood lumber, limber, 
and plywood, pressure treated wilh 
solvent-penta for aboveground use 

AWPA ( -23— Softwood lumber, timber, 
and plywood, pressure-treated with 
solvent penla lor ground use 



AWPA ( 23 -Residential and commercial 
building poles, pressure-lreated with 
penlachloropbenol 

AWPA C -23 — Residential and commercial 
building poles, pressure-treated with 
creosote and creosote solutions 



All construction uses draining lumber, sheathing. 

siding, and trim! where wood should he 

protected from moderate decay hazard and 

insect att.ir k. 
All construction uses when exposed to severe 

insect attack and derav hazard. Also where 

wood is used in com. i' ' >m'Ii ilir >;,■., I . • 

as fe<K« posts, steps, decks, etc. 
All parts ol woixl foundation systems for 

residential and light construction placed 

directly m the ground 

Poles lor use in ground contact as a building 
foundation and column support againsl bolh 
lateral and vertical forces 



treated wood is clean bright, and 
odorless; it is readily painted 
and gluerl with most adbesives. 

The preservative is permanentlv 
fixed in the wood and will not 
leach out when exposed lo 
weather 



Treatment: Oilborne Solutions (Pentachlorophenol) 



All construction uses (iraming lumber, sheathing, 
siding, and triml where wood should Ln- 
prolet led from moderate decay hazard and 
insec t at lack 

All construction uses where exposed to seveie 
insect attack and decay hazard Also where 
wood is used in contact wilh the ground such 
as lence posts, steps, decks, etc. 

All construction uses | framing lumber, sheathing, 
siding, and lorn) where wood should he 
protecled from moderate decay hazard and 
insect attack 

All conslrurlion uses where exposed lo severe 
insect attack and decay hazatd. Also where 
wood is used in contact with the ground such 
as fence posts, steps, dei ks. etc 

Poles lor use in ground contac I as a building 
Inundation and column support against buth 
lateral and vertical forces 

Poles for use in ground contact as a building 
foundation and column suppon againsl both 
lateral and vertical forces 

Farm buildings, fences, bridges, etc. Good tor 
outdoor appln ations because of good 
weathering charai lertstics 

All construction uses where exposed to severe 
insect attack and decay hazard Also wheie 
wood is used in contact wilh the ground as in 
fence posls, sleps, decks, etc 

Poles for use in ground contact as a building 
foundation and column support againsl both 
lateral and vertical forces 

Creosole poles are widely used for pole- 
platform construction They are suitable tor 
residential pole-trame construction, but their 
use should be generally limited to those 
exterior poles Ihal do mil (>ass through 
enclosed, living space 



Treated wood is I lean, brtghf. and 

relatively odorless, it is 

painlable and can be glued 

with special adbesives. 
Suitable for indoor and outdoor 

use. 



All pelroleum solvent must be 
evaporated before painting and 
to eliminate odor. 



Treated wood varies (rom light lo 
dark brown, surface slightly 
oily: odor of oil and penra 
remain for several months after 
treatment 



Oeosoled poles range from dark 
brown to blark. blending well 
wilh i-.irlh i ulurs and natural 
surroundings Because their 
surfaces are oily, painting is 
dihicull at best and a 
characteristic smoky odor is 
delectable lor some lime 
rollowing treatment 



Non Pressure- Treatment: Oilborne, Water-Repellent Preservative Solution 



NWMA IS-4 Water repellent preservative, 
imnpressure treatment lor millwork 



Exterior millwork pretul window, door, and 
trim components 



Clear, odorless, and easily 
painted' 



• Some ol the above wood preservatives may be hazardous lo human health if exposure is not limited or prevented 
b Treated wood i an l»- painted and glued, aftei ledrving. not recommended lo' hardwoods 

Suitable lor treatment ol hardwoods as well as snliwoods; not recommended lor marine use 
' Generally not paintable. should not be used tnr subllnoring or in conlacl wilh materials subieri lo staining (plaster, 
wallbnard. eli I. Plains .xlur Mr d long period whi n en< losed in a slru, lur, 

• Should nol be used in contact with Ihe ground or lor conditions of severe inseel attack and decay hazard 
Sonne Adapted with permission Irom Harold B Olio, lohn I Schmidt, and Walter H levsi-. I nmlrm ruin Prmi 
p)es, Materials, am/ Methods. US League ol Savings Institutions, Chicago, 1983 
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1.0 INTRODUCTION 



1.1 General 

Metal technology is complex, and consulta- 
tion with a structural engineer is important 
whenever issues of bearing strength, dura- 
bility, codes, or issues of safety are 
involved. 

1.2 Basic Properties of Metal 

When using any metals related to outdoor 
construction there are five generic criteria 
that should be evaluated and, if appropri- 
ate, factored into your recommendations 
for use of a particular metal. These are dis- 
cussed here in brief, to remind users of this 
handbook of their importance and the pos- 
sible need to consult more technical sources 
of data and/or a structural engineer. 

Galvanic corrosion is a process that 
occurs when two different metals are in 
physical contact with one another. The 
more anodic of the two metals corrodes, 
and its material is deposited on the more 
cathodic (more "noble") metal when a 
solution (such as water) is present. The 
solution conducts electricity between the 
two metals. 

Typically, the solution is water in the 
form of moisture condensation, and con- 
taminants within the water act as the elec- 
trolyte. The corrosion potential increases in 
industrial, non-arid and seacoast areas 
because of increased contaminants and/or 
moisture. The galvanic predisposition of 
several metals and metal alloys is shown in 
Table 860-1. 



Galvanic corrosion is controlled by 

1 . Using similar metals in the galvanic 
series 

2. Using sacrificial anode coatings which 
corrode and form a protective layer. 

3. Providing a barrier to inhibit exposure 
to moisture such as paint or a bitumi- 
nous coating. 

4. Installing a surface metal cladding 
(with galvanic potential similar to the 
expected conditions) onto a base 
metal that, if exposed, would other- 
wise be anodic or cathodic. 

5 Applying a paint or primer that either 
chemically changes the surface of the 
metal or includes an alkaline chemical 
that greatly reduces the rate of gal- 
vanic action to an acceptable level. 

Chemical corrosion refers to the dissolv- 
ing of a metal by some type of chemical 
reaction caused by a gas or acid. Because 
each type of metal reacts differently to var- 
ious chemicals found in the environment it 
is very important to make the proper selec- 
tion according to specific site conditions. 

Finishes: 

Metal products can be finished to provide a 
variety of colors, textures, patterns, and 
degrees of reflectivity as well as to provide 
greater protection against abrasion and 
corrosion. Metal finishes are categorized 
according to the basic process by which 
they are applied. Certain finishing process- 
es are suitable only for certain kinds of met- 
als. Basic finishes for metals include: 



TABLE 860-1. GALVANIC SERIES 
OF METALS* 



1 Aluminum 

2. Zinc 

3. Steel 

4. Iron 

5. Nickel 
b. Tin 

7. Lead 

8. Copper 

9. .Stainless steel 



* When any two metals on the list are in contact 
with one jnnther in lhi> presence of moisture, the 
lower one will be corroded The lurther apart on 
the list, the more rapid anrl extensive will be the 
galvanic corrosion This series is meant only as a 
guide In illustrate relative susceptibilities to gal- 
vanic corrosion 



1. Mechanical finishes, include grinding, 
polishing, buffing, rubbing, or sand- 
blasting. 

2. Chemical finishes, refer to the reac- 
tion of a chemical to a metal surface 
to produce colors, textures, and/or 
corrosion resistance. 

3. Anodized finishes, which are pro- 
duced by placing a metal into an acid 
solution and passing an electric cur- 
rent through it. This alters the outer 
surface of the metal to create an inte- 
gral corrosion-resistant layer. Clear, 
translucent, or opaque finishes in a 
variety of colors are available. 
Anodized finishes are used almost 
exclusively on aluminum. 

4 Applied coatings, which refer to the 
process of adding materials to the sur- 
face of a metal to provide color, cor- 
rosion resistance, and/or protection 
against abrasion. Such coatings 
include paints, enamels, plastic films, 
galvanizing, and cladding. Some plas- 
tic coatings are proprietary products 
not covered by established standards 
of performance. 

Manufacturing and Fastening: 

Metals are formulated in a mill and then 
undergo fabrication to produce objects in 
desired shapes. Fabrication processes 
include rolling, extruding, casting, drawing, 
and forging. Thermal treatments are 
applied to metals to alter their strength, 
hardness, machinabllity, ductility, and cold- 
forming characteristics. Many types of 
thermal treatments are available, the most 
common of which are tempering, quench- 
ing, and annealing. 



1. Metal technology is complex, and consultation with a structural engineer is important 
whenever issues of bearing strength, durability, codes, or issues of safety are involved. 

2. The galvanic corrosion potential of metal increases in industrial, non-arid, and sea- 
coast areas because of increased contaminants and/or moisture in the atmosphere 

3. Galvanic corrosion is controlled by: 

a) Using similar metals in the galvanic series (Table 860-1) 

b) Using coatings that purposely corrode, thereby leaving the desired surface 
untouched and protected. 

c) Applying paint or a bituminous coating, to inhibit exposure to moisture. 

d) Installing a surface metal cladding. 

e) Applying paint or primer that either chemically changes the surface of the metal. 

4. Metal can be finished by mechanical, chemical, or anodized methods, or by applying 
coatings such as paints or enamels. 

5. Finishes on certain metals may be limited to particular fastening techniques if mar- 
ring of the surface is a concern. Specialists should be consulted when fastening met- 
als in order to determine the suitability of a fastening technique. 
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Metals that have been fabricated, 
formed, and finished may need additional 
work when they are fastened on-site. 
Typical techniques for fastening include 
welding, brazing, soldering, riveting, bolt- 
ing, and screwing. Specialists should be 
consulted when fastening metals in order 
to determine the suitability of a fastening 
technique. 

Environmental Issues. 

Due to potential toxicity to animals and 
humans, the methods of manufacture, fab- 
rication , disposal and reuse of metal prod- 
ucts are subject to environmental regula- 
tions. It is advisable to seek information 
and assistance from a material specialist to 



TABLE 860-2. COMMON ALUMINUM ALLOYS 



Casting 
nomenclature 
and product 


Wrought 
nomenclature 
and product 


Major alloying 


Remarks and typical uses 


1xx.x 


Ixxx 

I100-H16 


Aluminum <al least 
99% pure) 


Corrosion resistance and workability are excellent. Used in small quantities. 

Slight amounts of silicon and iron increase strength but decrease 

corrosion resistance, t^un-nt?m tiemduit dnuy 
Sheet, ducts 


2xx.x 
214 


2 xxx 

2014-T6 
2017-T4 
2024-T4 


Copper 


Series displays strength and hardness but ductility and workability are 
decreased. Corrosion resistance often less; thus typically clad. Heat- 
treatable alloy 

Fittings and railings 

Structural members 

Screws 

Screws and rivets 


3xx.x 
356.0-T6 


3 xxx 

3003-O 
3003-H18 


Manganese 


Series for general purposes as alloy displays moderate strength with 
ductility, workability, corrosion resistance, and brightness almost that of 
pure aluminum. Commercial 3003 anodizes very well. Non-heat- 
trealable alloy 

Hardware, railings, supports 

Concealed and exposed (lashing 

Hardware 


4xxx.x 
B443.0-F 


4xxx 


Silicon 


Series exhibits best corrosion resistance of the aluminum alloys. Good for 
marine, heavily weathered, and heavy chemical environments, Non- 
heat-treatable alloy 

Casting or sand casting. Used for panels, hardware, lettering, grilles, posts, 
sculpure 


5xx.x 
514.0-F 


5 xxx 
5050-O 


Magnesium 


Series displays higher tensile strengths and resistance to fatigue. Have 
excellent corrosion resistance in many environments, including seacoast 
atmospheres and saltwater. Does not cut or work as clean as other 
alloys. Non-heat-treatable alloy 

Lettering, posts 

Hardware 


6XX.X 


6xxx 

6061-T13 
W)61-T6 

6061-T913 
6063-T4 
6063-T42 
6063-T5 

6063-T6 


Magnesium -silicon 


Somewhat less strength than 2xxx series, but displays better corrosion 

resistance and workability. Heat-treatable alloy. 
Pipe railings. Excellent fusion wettability properties 
Structural member, gratings, treads, steps, floor, and angle flanges. 

Excellent fusion weldability characteristics 
Nails 

Poles for flagpoles or lamps 
Exposed flashing 

Door and window frames, railings, thresholds, exposed flashing, hardware 

bars, rods, tubes 
Structural members, nails, corrugated sheets 


7xx.x 


7 xxx 
7075-T6 


Magnesium-zinc 


Series displays strongest properties of aluminum alloys. Highest yield 
strength. More difficult to work with and more expensive. Heat-treatable 
alloy 

Structural members 



understand the environmental implications 
of their use. Certain metals useful to site 
construction are well suited to recycling 
technologies and should be considered for 
their resource conservation value. 



2.0 METALS USED IN 
CONSTRUCTION 



2.1 Aluminum 

Aluminum is a lightweight, corrosion-resis- 
tant metal (one-third the weight of iron) 
that can be manufactured in a wide variety 
of shapes. Corrosion is controlled by an 
oxide that naturally forms on the surface of 
the metal, thereby preventing further oxi- 
dation of the metal beneath. Aluminum is 



subject to chemical attack from alkalis, 
hydrochloric acid, and to a lesser degree, 
diluted acids. Corrosion occurs when it is 
used with lime mortar, high alkaline con- 
crete, masonry, green or damp wood. This 
can be prevented or corrected by applying 
bituminous or zinc chromate prime on 
metal, or paint on the wood, or using 
preservative treated woods. 

Aluminum Allays: 

Pure aluminum is soft and highly corrosion- 
resistant. The addition of one or more 
alloying elements can enhance strength, 
machinability, impact resistance, and mal- 
leability, but it typically lessens resistance to 
corrosion. In the United States, a nomen- 
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TABLE 860-3. FINISHES FOR ALUMINUM 



Type of finish 


Designation* 


Description 


Remarks 


Mechanical 


As fabricated 


M10 
M11 
MI2 
MIX 


Unspecified 

Specular as fabricated (bright finish) 
Nonspecular as fabricated (dull 

finish) 
Other 


Used where appearance is not important; can be discolored 
when welded 


Buffed 


M20 
M2I 
M22 
M2X 


I It'll M 'I .tiff' 

s_'i i a l 1 1 ft. Li 

Smooth specular (mirrorlike finish) 

Specular 

Olher 


1 IteH unUfH ftriuhll timcf^ it riacirA/l lunlrim f lnnrc tnil 

■< 1 1 < i »i i i;i i . 1 1 u i . 1 1 ( ji ■•• 1 1 1 . . [ en i ra ni t uoors a no 
hardware); avoid using on broad flat surfaces where "oil 
canning" is objectionable 


Directional textured 


M30 
Mil 
M32 
M33 
MJ4 
M15 
M3X 


Unspecified 
Fine satin 
Medium satin 
Coarse satin 
Hand-rubbed 

fir i ithpH 

Other 


Use where smooth satin sheen of limited reflectivity is 
desired; easy to restore after welding 


INonuirectionai 
textured 


nrWJ 

M41 
MA2 
M43 
M44 
M45 
M4f> 
M47 
M4X 


unspeciTicu 
Extra fine matte 
fine matte 
Medium matte 
Coarse matte 
Fine shot blast 
Medium shot blast 
Coarse shot blast 
Other 


Used primarily for castings in architectural use, produced 
by blasting (sand, beads, shot, etc ) 


Patterned 




Embossed and coined patterns and 
texlures 


Available in lighl gauge sheet, patterns can be highlighted 
by polishing. 


Chemical 


NonC'Iched 
cleaned 


CIO 
CI 1 
C12 

CIX 


Unspecified 
Degreased 

Inhibited chemical cleaned 
Other 


Used to clean in preparation few other finishes 


Etched 


C20 
1 ,'i 
C22 
C23 
C2X 


Unspecified 
Fine matte 
Medium matte 
Coarse matte 
Other 


Typically used for surfaces to be anodi/ed, although finish 
can be clear lacquer; can be used to produce patterns in 
Ihe metal surface 


* the complete designation must be preceded by AA— signifying Aluminum Association. 

t Impregnated color coatings are available in many colors. Nol ail colors are suitable fur exlenar use. Gold is Ihe 
mast color fast. 



Integral color coalings offer a range of colors from bronze to gray to black. Some colors can be ubiained only with 
certain alloys. Colorlastness is euell^m Typically, these colors are applied by a proprietary process. 



dature system devised by the Aluminum 
Association categorizes casting and 
wrought aluminum and their alloys. This is 
Indicated by the first digit of the aluminum 
numeric (Table 860-2). Other countries use 
different nomenclature systems to describe 
the same alloys. 

Casting alloys are those that are cast in 
their intended form. Wrought alloys are 
those produced by mechanically shaping 
cast aluminum ingots. Aluminum alloys are 
often tempered to improve their strength, 
stability, and/or workability. 



Finishes: 

Exposed aluminum will naturally form an 
oxide layer that inhibits further corrosion. 
Applied finishes may improve the corrosion 
or abrasion resistance, alter the surf ace tex- 
ture or color, or prepare a surface for a sub- 
sequent finish coating (Table 860-3). 

Mechanical Finishes: Mechanical finish- 
es should not be applied to aluminum-clad 
surfaces because such finishes will damage 
the integrity of the cladding (Table 860-3). 

Chemical Finishes: Chemical finishes are 
used for surface cleaning, to produce a 



matte texture or a bright finish, or to pre- 
pare the surface for another finish such as 
painting (Table 860-3), 

Anodized Finishes: Anodized coatings 
require a sealer to provide resistance to 
staining and to ensure greater durability of 
color. Acid materials should be avoided 
when cleaning or maintaining anodized 
surfaces. The anodizing process (a propri- 
etary product) is performed during manu- 
facturing. (Table 860-3) 

Applied Coatings: Plastic films are 
durable, fade- resistant and demonstrate 
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TABLE 860-3. CONTINUED 



Type of finish 


Designation- 


Description 


Remarks 


Chemical 


Brightened 


C30 
C31 
C32 
C3X 


Unspecified 

Highly specular (mirror bright) 

Diffuse bright 

Other 


I imiled architec tural use; avoid use in large surfaces 
(fascias, spandrel panels, etc ); appropriate for window 
frames 


Chemical conversion 
roatingst 


C40 
C41 

C42 

C41 
C4X 


Unspecified 

Acid chromate -fluoride (clear to 

yellowish color) 
Acid chromafe-fluoride-phosphate 

(clear to greenish color) 
Alkaline chromate (gray color) 
Other 


Used to improve adhesion of surfaces for painting, and can 
be used as final finish; most methods are proprietary 



Anodiied 



Architectural class II 


A3! 


Clear (natural) coating 


Thickness of coating ranges from 0.4 to 0.7 mils, f-or 


(0.4 to 0.7 mil 


A32 


Coating with integral color 


interiors not subject to excessive wear and for exteriors 


coating) 


All 


Coating with impregnated color 


thai are regularly maintained. Sulfuric acid (clear) 


A34 


Coating wilh elec tiolylically 


process, thick-thin coats 






deposited color 






AiX 


Other 




Architectural class i 


A4I 


Clear (natural) coating 


Thickness of coating must be at least 0.7 mils. For interiors 


(0 7 mil and 


A42 


Coating with integral color 


with normal wear and exteriors receiving no regular 


greater anodic 


A43 


Coating with impregnated color 


maintenance 


coating) 


A44 


Coating with electrolytically 








deposited color 






A4X 


Other 





Applied coatings 



I aminated three 
types of plastic 
films 



t hi 



1, 



Polyv 

Polyvinyl fli 
range, mt 
surface 

Acrylic: clear by nature but can De- 
pigmented 



ange of colors 
iride:: limited color 
iium gloss, smooth 



Resistant to thermal expansion; highly durable; excellent 
color retention and weatherability; can be applied lit one 
operation; recommended for interiors and exterior metal 
work 



tlecttolytically deposited rolor i oatings are available in a range of colors from light bronze to black. Of all anodized 
coatings, colors that are electrolyhtallv deposited are the least susieptitili- to sunlight and olher tvpes of weathering. 
Source: Adapted Irom iweeCs Selection Data: Melali, McGraw-Hill, New York, 1978; and adapter! with permission 
from Harold B. Olm. lohn fc. Schmidt, and Walter H. Lewis, Construction. Pnncrp/es, Materials, ami Melfiods, U.S. 
league ol Savings Institutions. Chicago, 1983. 



excellent weatherability (Table 860-3). 
Typical films include polyvinyl chloride (wide 
range of colors), polyvinyl fluoride (smooth 
surface, medium gloss, but limited color 
range), and acrylics (clear and colored). 

2.2 Copper and Alloys 

Copper and many of its alloys are resistant 
to corrosion and easily welded, brazed, or 
soldered Natural oxidation of copper 
causes a bluish-green patina on the surface 
of the material. Copper is susceptible to 



1 . Pure aluminum is soft and highly corrosion-resistant. The addition of one or more 
alloying elements can enhance strength, machinability, impact resistance, and mal- 
leability, but it typically lessens resistance to corrosion, 

2. Typical corrosive situations occur when aluminum is used with lime mortar, high 
alkaline concrete, or masonry where wet conditions are expected. These situations 
can be corrected by applying bituminous or zinc chromate prime on metal. 

3. Corrosion can also occur when using aluminum with green or damp wood. This can 
be corrected by applying paint or using wood treated with preservatives not contain- 
ing acid. 
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TABLE 860-4. COPPER AND COPPER ALLOYS 



Color 



Remarks 



Initial 

Unexposed weathering 



Final weathered 



Typical uses 



Weld ability 



4- 

m 


8 


i- 

1 


s 


a 


1 


1 


M 


a 


i 


efl 




I 


1 

s 


I 



Wrought alloys 



Salmon -red 


Reddish brown 


Gray green patina 


Gutters, flashing, screens, 


20 


B 




D 


( 


D 


r> 


Q 








nails, tacks 


















Sjlmonred 


Reddish brown 


Gray-green patina 


lube, sheet, plate. 


20 






B 


A 


D 














welding 


















Rpd Rold 


Brown 


Gray-green patina 


Grills, screws, rivets. 


20 


\ 




H 


B 


D 


D 


D 








hardware 


















Reddish 


Chocolate 


Gray-green patina 


Trim, weatherslnpptng, 


10 


A 


» 


li 


H 


C 


D 


n 


yellow 


brown 




fasteners 


















Yellow 


Usually protected from weathering 


Grills, rivets, screws, mis- 


30 


A 


A 


B 


c 


B 





D 




ifl preserve color 


lellaneoos hardware 


















Reddish 


Red brown 


Gray brown 


Sheet and stripping trim 


40 


A 


A 


B 


c 


B 


D 


D 


v t'lli i« 




large nuts and bolts 
























Screws and 


Sf 


B 


A 


D 


[1 


L> 


L> 


D 








miscellaneous rough 
























hardware 


















Reddish 


Chocolate 


Gray-green patina 




Id 


A 


A 


B 


B 


C 


D 


D 


yellow 


brown 


























Finish hardware 


711 


il 


A 


i> 


D 


11 





1) 


Reddish 


Russet brown 


Dark brown 


I orging 


80 


a 


Hi 








D 


o 


D 


yellow 
























Reddish 


Russet brown 


Dark brown 


Architectural extrusions 


'ti- 


« 




u 


D 


l"i 


D 


□ 


yellow 






and hardware 


















Reddish 


Russet brown 


Finely mottled dark gray- 


Hardware 


ll 1 


A 


\ 


B 


■ 


C 


A 


B 


gold 




brow n 




















Reddish old 


Russet brown 


finely mottled dark gray 


Hardware 


30 


'V 


H 


a 




c 


■\ 


h 


gold 




brown 




















warm silver 


Gray-brown 


finery mottled gray -green 


Rivets, screws, fasteners. 


K 


\ 


A 


B 


C 


D 


B 


C 






hardware 


















Warm silver 


Cray-brown 


Finely mottled gray-green 


Typically for extrusions 


















Warm silver 


Gray -brown 


Finely mottled gray-green 


lypicallv lor extrusions 


50 




■\ 


B 


•t 


D 


a 


H 



in 

-*-r 

o 



1 10 99 99 topper 
122 99.99 copper 



Copper II 10) and high 
copper alloy f 1 22) 
are corrosion 
resistant and best 
for wire. 



220 Commercial 

bronze 
2.10 Red brass 

260 Cartridge brass 

2(1(1 Muni/ metal 

1)4 l eaded i ommercial 
bron/e 

120- Leaded red brass 

ISO Medium leaded 
brass 

177 Forging brass 

IBS Archilerlural 
bronze 



Plain brasses have a 
high perc entage of 
/mi . haidened by 
cold-working; less 
expensive than high 
nipper alloys Red 
brass is excellent to 
resist corrosion. 
Cartridge brass has 
good combination 
ill strength and 
durability 

I Mdod brass has 
improved 
machinabilily but 
cannot he cold- 
worked as easily 



Nickel silver and silicon bronze 



6S1 Silicon bron/i' 

6S5 Silicon bron/e 

74 5 Nickel-silver 

774 Nickel-silver 

796 leaded nickel 



Silicon brim/es have 
higher tensile 
strength and good 
corrosion 
resistance 

Nickel silvers, copper- 
rint-niLkel 
formulations. Lead, 
if added, improves 
machinabilitv. Lasiiy 
hot-worked and 
fabricated into 
intricate parts 



Cast alloys 



Architectural brome and common brasses 


























634 Similar to 220 


See appropriate 


Red gold 


Brown 


Gray-green patina 




60 


A 


A 


c 


c 


D 






836 Similar lo 230 


remarks above. 


Reddish 


Chocolate 


Gray-green patina 




84 


B 


A 







C 










yellow 


brown 




















852 Similar to 260 




Yellow 


Usually 






80 


C 


A 


c 





D 






853 Similar to 260 




Yellow 


protected 






30 




A 


i 


a 


P 






855 Similar to 260 




Yellow 


from 






80 


< 


B 


a 


ti 


D 






857 Similar to 260 




Yellow 


weathering 






BO 


L 


a 





D 


D 












to preserve 
color 






















875 Similar to 651 and 




Reddish old 


Russet brown 


Finely mnttleri gray-green 




SO 


r 


C 




c 


D 






635 




gold 
























Nickel-silver 


























973 Composition 




Warm silver 


Gray brown 


Finely mottled gray-green 




70 


A 


A 


Li 


D 


D 






similar to nickel 




























silver 





























• 0-100 scale of increasing ease. 

t A - excellent; 8 - good; C - fair; D - not recommended. 

Source Adapted from SweM'i Selection Data Melad. McCraw Hill. New York 
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TABLE 860-5. FINISHES FOR COPPER 


Finishes 


Appearance, pattern, and color 


Remarks 


Mechanical 


"As fabricated" — originally 
imparted by a rolling, 
extrusion, or casting 
process 


Hot-rolled and heat-treated products have 
dull finish. Cold-rolled surfaces have 
brighter finish 


Do not use where appearance is important. 


Buffed 


Available in specular and smooth specular 
finish 


Used mostly for hardware; high reflectivity; avoid use on 
wide, flat surfaces. 


Directional textured 


Satin sheen in fine, medium, or coarse texture 
(also in hand-rubbed or brushed finishes) 


Limited reflectivity 


Nondirectional textured 


Available in fine, medium, or coarse matte 
finishes 


Primarily used for hardware, castings; "se" is restricted 
to metal at least K in thick. 


Patterned 


Embossed and coined patterns and textures 


Minimal marring in service; elimination of distorled 
reflections; pattern can be highlighted by polishing; 
increased sheet stiffness 


Chemical 


Nonetch cleaning 


Removes oil, grease, soil, etc., from the 
surface of the metal 


Used to clean surfaces in preparation for other finishes 
via degreasing or chemical cleaning 


Matte finishes 


Matte, textured surface 


Tend not to be used on copper alloys; used mainly on 
bronzes 


Bright-dipped 


Smooth, bright 


Limited architectural uses; used mostly as a surface 
preparation for plating or painting 


Conversion coating 


Statuary bronze finishes can be toned, which 
will vary from a light golden color to black. 
Sulfide irealmenls produce statuary brown 
colors. Selenide treatments provide deep 
colors. 


Most important finish for copper alloys; used primarily 
to alter color and provide final finish; duplicates 
weathering effects from 1-12 yr; types include 
treatments which produce (a) patinas or verde 
antiques, (b) statuary or oxidized colors; statuary 
treatment has better color uniformity; statuary finish is 
difficult to produce and maintain and requires 
periodic rubbing with oil. 


Applied 


Laminated coatings 
Oils and waxes 


Clear film (bonded polyvinyl fluoride) 
Rich luster and depth of color 


Chemically inert; mechanically strong; resists Impact, 

abrasion, weathering 
Primarily used for maintenance purposes on site 



Source: Adapted from Sweet's Selection Data: Meta/s, McGraw-Hill, New York. 



attack from alkalis and most acids, especial- 
ly in areas where sulfur is present. 

Copper Alloys: 

In the United States, the Copper Development 
Association has established a nomenclature 
system for copper and copper alloys such as 
brass, bronze, etc. (Table 860-4). 

Finishes: 

Coppers, brasses, bronzes, nickel silvers, 
and silicon bronzes have integral colors, 
patinas, and surface textures that can be 
altered by mechanical or chemical means in 
a variety of ways (Table 860-5). 

Mechanical Finishes: These finishes for 
copper produce surfaces ranging from nat- 
ural colors to a bright or reflective appear- 



ance (Table 860-5). Marring is more 
noticeable on mirror-like finishes 

Chemical Finishes: Chemicals are used 
on coppers to clean the surface, to provide 
a matte or smooth bright finish, to age the 
surface artificially, or to preserve surface 
color (Table 860-5). 

Applied Coatings: Applied coatings 
(clear films) are often used on copper to 
protect the copper from abrasion and to 
preserve its color (Table 860-5), 

2.3 iron 

Pure iron is a tough, malleable metal that 
readily oxidizes in air. Iron is the base metal 
of cast iron. 



Cast Iron: 

Cast iron is distinguished from wrought 
iron or steel by containing more than 2 per- 
cent carbon A major advantage of cast iron 
is that it can be poured into forms of vari- 
ous shapes to produce specific objects. Cast 
iron exhibits good compressive strength 
and is relatively inexpensive, but has poor 
tensile strength. Corrosion of cast iron can 
be minimized by adding a corrosion-resis- 
tant alloy or be prevented by adding a gal- t/i 
vanized, plated, or asphalt surface coating. 

43 

Typical uses of cast iron include piping ttj 
and fittings, pavement opening frames and < 
covers, gratings, ornamental ironwork, cus- 
tom-made objects, and hardware. Cast iron O 
is more difficult to join by welding than V© 
other iron or metal alloys. The two types of QQ 
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TABLE 860-6. TYPES OF IRON USED 
IN CONSTRUCTION 



Types Remarks 

Cray cast Cray color when broken; soft and 

iron tough; easily machinable 

Malleable Light gray color when broken, 
cast iron strong and tough, easily 

machined; more ductile with 
increased breakage resistance 
as compared to gray cast iron 
Wrought Soft, resistant to corrosion and 
iron fatigue, easily machined and 

worked; resistant tn 
progressive corrosion 

.Source- Adapted from Caleb Hornbostel, Con- 
struction Materials. Wiley, New York 



TABLE 860-7. CARBON STEEL 
(A) CLASSES, (B) COMMON 
DESIGNATED STEELS 



Clui Percentage of carbon 



Soft 


o.2a 


Mild 


0.15-025 


Medium 


0.25-0.45 


Hard 


0.45-0.85 


Spring 


0.85-1.15 


<a> 




ASTM 


AI5I 


ASTM A»73 






10XX 


A283 






nxx 


Merchant quality: A 




663 bars 






12XX 


A 675 bars 






15XX 


ASTM A36 





[b] 



Source: Adapted with permission from Harold 8 
Olin, lohn L. Schmidt, and Walter H Lewis, Con- 
struction' Principles, Materials, and Methods. U.S. 
League of Savings Institutions, Chicago 



cast iron typically used in construction are 
gray and malleable (Table 860-6) 

Wrought Iron: 

Wrought iron is distinguished from cast iron 
by its smaller carbon content (less than 0,1 
percent), which makes the material softer, 
more malleable, easily machined and welded, 
and resistant to continued corrosion (Table 
860-6). Basic forms include bars, sheets, 
plates, pipes, and speciaJ shapes. Applications 
include ornamental ironwork, railings, fences, 
gates, furniture, grilles, and screens. 

2.4 Steel 

Steels are combinations of iron, carbon, and 
other alloys and characterized by it strength 

Carbon Steels: 

The most common form of steel is carbon 
steel. Increasing the amounts of carbon 
improves the strength, reduces the ductility, 
and decreases the melting point of steel. 
Carbon steels exhibit poor corrosion resis- 
tance but can be improved by incorporating 
copper as an alloying element or by specify- 
ing a galvanized or other protective finish. 

A number of nomenclature systems des- 
ignate carbon steels. Table 860-7 compares 



these two classification systems. A Unified 
Numbering System (UNS) was established 
in 1975 as a comprehensive system that 
combines to two former systems. 

Carbon steels are available as wrought, 
cast and extruded products. 

Finishes for Carbon Steel: Chemical fin- 
ishes are used to clean the surface without 
otherwise affecting it and to prepare the 
surface for applied coatings. Common fin- 
ishes for carbon steel are described in Table 
860-8. 

High-Strength Low -Alloy Steels 
(Weathering Steels): 

High-strength low-alloy steels contain less 
than 1 percent of any alloying element. It 
exhibits high strength, stiffness, ductility, 
and excellent resistance to corrosion. It is 
most useful where a high degree of strength 
with low weight and/or corrosion resistance 
is required (e.g., bridges, trellises, etc). 

The use of weathering steels should be 
avoided in corrosive industrial atmos- 
pheres, marine environments, or situations 
where the metal may be in constant con- 
tact with or in water. It should be used only 
where it is fully exposed to the atmospher 



iuiffi urn u. 

1. If corrosion is to be minimized, cast iron should be alloyed with a corrosion-resistant 
alloy or be protected by either a galvanized, plated, or asphalt surface coating. 

2. Carbon steels exhibit poor corrosion resistance but can be improved by incorporating 
copper as an alloying element or by specifying a galvanized or other protective finish. 

3. Due to high production costs, the use of alloy steels in architectural applications is 
limited 

4. High strength low alloy steels (weathering steels) are most useful where a high 
degree of strength with low weight and/or corrosion resistance is required (e.g.. 
bridges). 

5. Weathering steel surfaces must be fully exposed to atmospheric changes in moisture 
content, and not located under debris or submerged in water. During the oxide 
forming period, any moisture dripping from the steel will stain surrounding surfaces, 
especially porous ones. 

6. The use of weathering steels should be avoided in corrosive industrial atmospheres, 
marine environments, and situations where the metal may be in constant contact 
with water. 

7. Stainless steel will not corrode when placed in concrete masonry and its wash will 
not stain nearby materials. It can, however, be stained from the washes of other 
materials. 

8. If welding of stainless steel is required, the manufacturer of the product should be 
contacted to determine which welding techniques are appropriate. 

9 . Given stainless steel's high rate of thermal expansion, expansion joints are often 
necessary to avoid a warping of panels. 
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TABLE 860-8. FINISHES FOR CARBON STEEL 



Finishes 


Appearance, pattern, and color 


Remarks 


Mechanical 


As fabricated (mill 
finishes) 


Hol-rolled: light mill scale and rust powder 


Improper preparation could prevent complete adhesion and 
provide focal points for corrosion. Mill scale and rusl 
powder must be removed. 




Cold-rolled: may be extremely smooth; 
must be degreased before painting 


Must be cleaned and possibly roughened for extremely 
smooth surfaces 


Cleaning methods 
Pattern 


Removal of mill scale, corrosion products, 
and dirt 

Various embossed patterns 


Methods to remove mill scale, dirt, etc.: hand cleaning (for 
spot cleaning), power tool cleaning (for heavy stock), 
shol- and sand-blasting (provides most suitable surface 
for painting), flame cleaning (for heavy stock) 


Chemical 


Cleaned only 


Clean mill finish surface 


Methods; pickling (removes dirt, rust, mill scale), vapor 
degreasing (removes oil and grease), alkaline cleaning 
(removes oil and grease) 


Conversion coatings 


Fine matte surface texture; usually slate 
gray 


Acid phosphate solutions are generally used to prepare the 
surface for paint and other coalings; usually proprietary 


Applied 


Zinc (galvanizing) C90 


Cray crystalline 


For normal use, steel sheets use 0.90 oz/ft' of zinc coating 


Lightweight 


Gray crystalline; fine matte finish 


Coatings less than 0.1 oz/f1 J of sheet require painting. 


After fabrication 


Cray crystalline 


Used with a variety of small and large fabricated shapes for 
critical exposures (aggressive industrial atmospheres). 
Standard galvanized coating, applied after fabrication, 
lasts up 1o 25 years. 

Zinc coatings will burn off during welding operations but 
can be restored. Heavier coatings last longer. 


Aluminum (aluminizing) 
Type 2 


Weathers like aluminum 


Provides excellent corrosion resistance; not recommended 
for use at temperatures above 900*F; wide acceptance in 
many building applications 


Porcelain enamel 


Wide range of colors and textures, from low 
gloss (semimatte) to dull (full matte) 


Color uniformity from part to part excellent; bonded by 
fusion at 800* F or higher; resists chemical stains; 
nonporous: highly durable 


Laminated 


Polyvinyl chloride plastic films (grained 
embossed]; polyvinyl flouride plastic 
films (medium gloss, smooth surface); 
acrylic films (clear but usually pigmented) 


Good resistance to thermal expansion; durable and 

weather-resistant for exterior use; can be applied in one 
Operation; excellent color retention; recommended for 
exterior metal work 



Source: Adapted from Sweet s Selection DaU: Meta/s, McGraw-Hill, New York. 



During the initial period when oxide is 
forming any moisture dnpping from the 
steel will stain surrounding surfaces, espe- 
cially porous ones. 

Stainless Steels: 

Stainless steels are ferrous steels with a 
chromium content of at least 12 percent 
and additional amounts of nickel, man- 
ganese, or molybdenum. (Table 860-9). 
Stainless steels exhibit a high degree of per- 
manence, high resistance to corrosion, high 
strength, high rates of thermal expansion, 
low rates of thermal conductivity, and sur- 
faces that are relatively bright. The initial 
costs are relatively high, but the long-term 
maintenance costs are minimal. 



Stainless steels used in construction are 
first categorized by grain structure and sub- 
sequently according to the alloying ele- 
ments (Table 860-9). Some types can be 
tempered for greater strength and hard- 
ness. If welding of stainless steel is required, 
the manufacturer of the product should be 
contacted to determine which welding 
techniques are appropriate. Stainless steel 
has a high rate of thermal expansion and 
needs expansion joints. 

Finishes for Stainless Steels: Stainless can 
be achieved by mechanical or chemical 
means or by applied finishes (Table 860-10). 
Fabricators carry a wide variety of finish types. 



2.5 Nickel 

Nickel is a silvery metal that is strong, tough, 
and highly resistant to corrosion from both 
alkalis and acids, with the exception of nitric 
acid Nickel can be welded, brazed, soldered, 
easily worked, and polished by a variety of 
methods. Nickel is typically too expensive 
except where low maintenance and/or aes- 
thetics are major objectives. w> 

Nickel plating can be applied to metals M 
for a particular finish or for improved resis- fl* 
tance to corrosion and galvanic actions. § 

o 



Time-Saver Standards tor Landscape Architecture 



860-10 



TABLE 860-9. STAINLESS STEELS 



Grain structure 



Type 



Corrosion resistance 



, combining 



Austentic (hardenable by cold- 
working; nonmagnetic, high 
ductility, with care, it can be 
fusion and resistance 
welded) 



Ferritic (chromium content, at 
12-27%; does not respond 
to heat treatment; can be 
welded but |oinl must not 
be subject to bending stress 
or shock) 

Martinsitic (hardened by heat 
treatment; can be cold- 
formed or hot-forged and 
cooled slowly to prevent 
cracking) 



201 

202 

301 

302 

304 

JOS 
361 

430 
410 



Excellent even at high temperatures 
Compared to other stainless 
steels, more susceptible to 
deoxidizing by sulfur gases. 

Excellent even at high temperatures 
compared to other stainless 
steels, more susceptible to 
deoxidizing by sulphur gases. 

Excellent except when in contact 
directly with salt spray or 
sea water 

Excellent except when in contact 
directly with sail spray or 



Excellent except when in direct 
contact with salt spray or 
seawater 

Excellent 

Best of stainless steels. Suitable in 
salt spray, seawater, and many 
chemical environments 

Very good corrosion resistance 



Moderate. Avoid in industrial, 
marine, salt, and seawater 
environments. 



Fusion and resistance 
welding 



Fusion and resistance 
welding 



Fusion and resistance 
welding and good 
cold-forming 

Fusion and resistance 



Fusion and resistance 
welding 



Fusion and resistance 



Fusion and resistance 
welded, but joint 
should not be 
exposed to shock or 
bending stress 

Easily welded but needs 
to be followed by 
annealing or 
tempering to 
reestablish ductility 



Exterior work: same as 301 
but stronger and harder 



Exterior work: similar to 
302 



Exterior flashings: 
sometimes used as a 
structural member 
when cold-worked 

Exterior work: often 

inlerchangable with 104 

Exterior work: often 
inlerchangable with 
302; more machinable 

Bolts, screws, nuts, and 
fasteners 

txterioi use, salt spray 
environments, and 
industrial areas 

Exterior use, sometimes 
lor gutters, downspouts, 
trim, and column covers 



Bolts, screws, nuts, 
fasteners. Suitable 
where hardness, 
strength, and resistance 
to abrasion are 
necessary 



3.0 METAL STOCK 



In addition to designations for type, shape, 
and size, many kinds of metal stock 
(whether in the form of sheets, strips, wire, 
tubing, rivets, or screws) are typically spec- 
ified according to thickness. The term 
gauge refers to the thickness (or cross-sec- 
tional dimension) of a material, but refer- 
ences can be misleading because the exact 
dimensions for identical gauge sizes differ 
between various standard gauging systems 
(Table 860-11). Different industries and 
sometimes different products within a par- 
ticular industry may use more than one 
gauging system. If precision is important 
then the products should be specified in 
millimeters or decimal of inches to clearly 
indicate the desired size. 

The range of types, shapes, etc. of metal 
stock are shown in the Tables 860-12 
through Table 860-37. 



4.0 COMMON METAL PRODUCTS 



The range of types, shapes, etc. are shown 
in Tables 860-32 through Table 860-37 and 
Figures 860-1 through 860-3. All fasten- 
ers and base metals should be checked for 
galvanic compatibility. 

4.1 Nails, Screws, and Bolts 

Nails: 

Nails commonly used in construction are 
shown in Tables 860-32 and 860-33. 
Materials include zinc, brass, Monel. cop- 
per, aluminum, iron or steel, stainless steel, 
copper- bearing steel, and muntz metal. 
Coatings include tin, copper, cement, 
brass-plated, zinc, nickel, chrome, cadmi- 
um, acid-etched, and parkerized. 

A nail's diameter, length, shape, and sur- 
face affect its holding power. Joint hanger 
nails are not equivalent to common nails 
because of their length and should not be 



considered a substitute unless the shorter 
length is specified in load tables. 

Screws and Bolts: 

Wood screws commonly used in construc- 
tion are shown in Table 860-34, Wood 
screws are not often used in landscape con- 
struction but do find occasional application. 
They are never used in instances where bear- 
ing strength is an issue, but rather for deco- 
rative assemblies, small planter boxes, light 
trellises, etc. Wood screws should extend 
three-fourths of the way into the second 
piece of wood. Pilot holes are sometimes 
drilled to prevent splitting of the wood, espe- 
cially near edges or with harder woods. 

Metal screws are used primarily to fasten 
metals together, but they can be used in 
place of bolts to fasten small wood mem- 
bers together. If used to fasten wood mem- 
bers together, washers are typically used at 
both ends, unless the screw heads are of 
the flat or oval variety. If used to fasten 
metals, metal screws should be matched to 
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TABLE 860-10. FINISHES FOR STAINLESS STEELS 



Finishes 


Appearance, pattern, and color 


Remarks 


Mechanical 


Standard mill finish 


No. 1: dull 


Used for concealed applications 


Sheet-rolled 


No. 2D: dull, nonreflective 


Used when appearance is not 



Polished (inish 



Patterned 



No. 2B: bright, moderately 

reflective finish 
Bright annealed bright, highly 

reflective finish 
No. 3: coarser than No. 4 

No. 4: bright machine-polished 

finish with grain 
No 6: dull, satin finish 



No. 7: bright, highly reflective 
finish 

No. 8: Bright, "mirror" finish 

Embossed and coined patterns 
and textures 



General purpose finish; used when 
appearance is not important 

Used when appearance is not 
important 

Used as an intermediate, polished 
finish 

Most frequently used finish for 

architectural applications 
Used when a high luster is 

undesirable and to contrast with 

brighter finishes 
Gaining acceptance in architectural 

work 

Used for applications such as 

mirrors and reflectors 
Provides more stiffness to sheet; 

reduces optical distortion; 

available in light gauge sheet; 

patterns can be highlighted by 

polishing. 



Chemical 


Conversion 
coatings 


Light to dark bronze; bluish 
hue to dark brown or 
brown-black 


Acquired by controlled oxidation; 
excellent resistance to abrasion, 
humidity, corrosion, soiling, and 
oxidation; acquired by controlled 
heat-treating 


Applied 


Proprietary 

Porcelain 
enamel 

Metallic. 


Variety nl forms 

Essentially glass applied in 
translucent colors with 
metallic luster seen through 
glaze 

Copper and terne 


Used when appearance is not 
critical 

Used at times lor color and visual 
contrast; more durable but 
somewhat less elastic than 
organic coatings 



Notes Mosi of the stainless steel used architecturally is in the form of sheet or strip. Unpolished No. 2D 
and 3B. proprietary finishes and bright rolled finishes cannot be matched in a fabricator shop. For fab- 
ricated products, use only if appearance is not critical. For large flat areas, use nonreflective matte, tex- 
tured, patlerned, or contoured finishes For welded assemblies, use blendable finishes (No 4] 
Source Adapted from Sweel'5 Selection Data Metali. McGraw-Hill, New York 



1. A nail's diameter, length, shape, and surface affect its holding power. Joint hanger 
nails are not equivalent to common nails because of their length and should not be 
considered a substitute unless the shorter length is specified in load tables. 

2. Wood screws are not often used in landscape construction but do find occasional 
uses with decorative assemblies, small planter boxes, light trellises, etc. Wood screws 
should extend three-fourths of the way into the second piece of wood. 

3. If used to fasten metals, metal screws should be matched to the metals being fas- 
tened in order to avoid galvanic corrosion. 

4. Lag bolts are typically installed with a large washer under the head to prevent mash- 
ing of the wood and consequent loss of holding power. 

5. To avoid the hazard of protruding ends, the length of screws and bolts should not 
exceed that which is necessary. 



GRADES 40& 60 



GRADE MARKS 
ONE LINE 



GRAPE 60 



MAIN RIBS 

INITIAL Of PRODUCING MILL 
■ BAR SIZE 
TYPE OF STEEL 
GRAPE MARKS- TWO LINES 



GRADE 76 

LINE SYSTEM OF GRADE MARKS 




GRADES AO A 50 GRADE 60 

MAIN RIB5 

INITIAL OF PRODUCING MILL 
BAR SIZE 
TYPE Of STEEL 
GRADE NUMBER 

GRADE 76 

NUMBER SYSTEM OF 
GRADE MARKS 

Figure 860-1. Reinforcement bar 
markings. N refers to new billet, A refers 
to axle, and 4- refers to rail. Grade mark 
lines must be continued for at least five 
deformation spaces on the bar. Bar 
identifications and grade mark numbers 
may read horizontally (90 degrees to those 
shown above.) 



the metals being fastened in order to avoid 
galvanic corrosion. 

Lag bolts are typically installed with a 
large washer under the head to prevent 
mashing of the wood and consequent loss 
of holding power. The center-hole diame- 
ters of washers should match the bolt or 
screw to ensure maximum strength of the 
fastening. Pilot holes are always drilled to 
facilitate easier installation of the bolt and 
to prevent splitting of the wood. 

Machine bolts require a large washer 
under both head and nut if used to fasten 
wood members together. Carriage bolts 
require a square hole in a metal plate to 
prevent the bolt from turning. The round 
head has the advantage of being snag-free 
and provides a clean appearance 

Screws and bolts commonly used in 
landscape construction are shown in Table 
860-35. To avoid the hazard of protruding 
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TABLE 860-11. STANDARD GAUGES 
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TABLE 860-12. ALUMINUM STRUCTURAL TEES 




• Standard shapes normally available from warehouse slocks. 

Source. The Aluminum Association, engineering Data lor Aluminum Structures, New York, 1986, 



TABLE 860-13. STEEL STRUCTURAL TEES 



Shape 



Width (a),in 



Depth(b), in 



2ft 

3 
3 

4 

3ft 



Source. Adapted from American Institute of Steel Construction, Manual on Steel Construction, Chicago, 
I960. 



TABLE 860-14. STRUCTURAL STEEL TEES CUT FROM "S" SHAPES 



Shape 



Designation 



width (a),in 



Depth(b), In 




ST6X 17.5 
X 15.9 

ST5 X 17.5 
X 12.7 

ST4X 11.5 
X 9.2 



5.078 
5.000 
4.944 
4.661 
4.171 
4.001 



6.00 
6.00 
5.00 
5.00 
4.00 
4.00 



Source. Adapted from American Institute of Steel Construction, Manual on Steef Construction, Chicago, 
1980 



6x7 FIBER COKE 

6 STRANDS 

7 WIRES PER EACH 
STRAND 



6 x 25 FILLER WIRE 

STRANDS 19 WIRES PLUS 

6 FILLER WIRES EACH 

STRAND 



Figure 860-2. Cable (braided wire). 



ends, the length should not exceed more 
than what is necessary. 

4.2 Concrete Reinforcing Bars 

Reinforcing bars are manufactured out of 
carbon steel (Figure 860-1 and Table 860- 
36). Bars can be specified to receive an 
epoxy coating for use under conditions of 
high corrosion potential. Refer to Section 
830: Concrete for additional discussion of 
reinforcing bars. 

4.3 Welded Wire Fabric 

Welded wire fabric is manufactured from 
carbon steels. It is currently specified 
according to a revised means of designa- 
tion (Table 860-37). Refer to Section 830: 
Concrete for additional discussion of weld- 
ed wire fabric and its use as concrete rein- 
forcement. 

4.4 Cable (Braided Wire) 

Specifications for cable refer to a size such 
as a x b (where a refers to the number of 
wires in a strand and b to the number of 
strands in a cable) (Figure 860-2). Table 
860-38 shows nominal diameters com- 
monly available. Zinc coatings are available 
to minimize corrosion. Class A coatings 
refer to normal protection against corrosion, 
Class B to intermediate protection, and 
Class C to highest protection. 

Consultation with an engineer is advisable 
to ensure proper selection of cable whenev- 
er strength is an important consideration. 
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FROM 24 TO 10 LINKS 
PER FT. (.305 m) 



STRAIGHT LINK 
FROM 10 3/4 TO 6 
LINKS PER FT. (.306 m) 



TWISTED LINK 
FROM 25 TO II 
LINK5 PER FT. 



TWISTED LINK 
FROM LI TO 
LINK5 PER FT. 



PROOF COIL 
CHAIN 



Figure 860-3. Common types 
of chain. 



TABLE 860-15. STRUCTURAL STEEL TEES CUT FROM "W" SHAPES 



Shape 



L 



Designation 


Depth (b), in 


Flange (a), in 


WT6 X 11 


6.1 55 


4.030 


X 9.5 


b.080 


4.005 


X 8 


5.995 


3.990 


X 7 


5.955 


3.970 


WT5 X 9.5 


5 120 


4.020 


X B.5 


5.055 


4.010 


X 7.5 


4.995 


4.000 


X 6 


4.935 


3.960 


WT4 X 7 5 


4.055 


4.015 


X 6.5 


3.995 


4.000 


X 5 


3.945 


3.940 



■ Most commonly used sizes shown here. 

Source: Adapted from American Institute of Steel Construction, Manual on Steel Construction, Chicago, 



1980. 



TABLE 860-16. STAINLESS STEEL TEES 



Size 



Shape 




Flange (a), in 


Stem (b), in 


Thickness 


11 


IS 


K. 


II 


1ft 


Ih 


2 


2 


K 


2ft 


2ft 


ft 


2ft 


2» 


ft 


1ft 


1 


K< 


IK 


2 


*, t 


1ft 


2* 


lb 


1 


IK 


ft 


2 


u 


ft 


2ft 


114 


ft 


1ft 


2 


ft 


2ft 


3 


ft 


3ft 


4 


ft 



Source. Caleb Hornbostel, Construction Material, Wiley, New York, 1 978 



4.5 Chain 

Metal chain is produced in a variety of 
styles, sizes, and strengths (Figure 860-3). 
Chains intended for loading or safety situa- 
tions should be carefully selected for ade- 
quate strength Products are typically 
referred to by the number of links per 
meter (foot), weight per 30 m (100 ft), and 
tensile strength. 



5.0 WELDED JOINTS AND SYMBOLS 



Table 860-39 shows the standard symbols 
used in the USA for indicating the types of 
welded joints are desired for different types 
of metal construction that is needed 



AGENCIES AND ORGANIZATIONS 



The Aluminum Association, 
Washington, DC, USA. 

The American Society for Testing 
and Materials (ASTM), 
Philadelphia, Pennsylvania. 

American Iron and Steel Institute (AISI), 
Washington, DC, USA. 

American Welding Society (AWS), 
Miami, Florida, 

The Copper Development Association, 
Inc., Greenwich, Connecticut, USA. 

National Fire Protection Association, 
Quincy, Massachusetts, USA, 
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TABLE 860-17. ALUMINUAA ANGLES 



Siie, in 



Size, in 



a, in 



Equal legs, square comers 



I 



ft 
i 
% 
K 
>. 
I 
l 
l 



I ft 
1* 
1 ft 
16 
1ft 

its 

IK 

2 



2 
2 

2ft 
3 

3 

3ft 
4 



Unequal legs, square comers 



* X ft 


2 X K 


3ft X 2 


I X ft 


2 X 1 


3ft X 2ft 


1 X )t 


2 X 1 


3ft X 3 


1)1 X ft 


2X14 


4 X 2 


1ft X ft 


2ft X 1 


4 X 3 


1ft X * 


2ftX 1ft 


5X3 


1ft X 1 


2« X 2 


5X4 


IK X 1 


3 X 1 


5K X 2ft 


m x ift 


3X2 




2 X ft 


3 ft X IK 





Equal legs, rounded comers 



3L 



K 
1 

1 ft 

IN 

IK 



2 

2ft 

3 

3ft 
4 



Unequal legs, rounded comers 



— ^ 



(XII 
K X Ift 
1 X 1ft 
114 X 1» 
114 X 1* 
1ft X 2 
1ft X 2ft 



2 X 2ft 
2X3 
2ft X 3 
2ft X 3ft 

3 X 3ft 
3 X 4 
Jft X 4 



3 X 5 
3» X 5 
3ft X 6 
4X6 
6X8 



Source: Adapted from The Aluminum Association, Engineering Data for Aluminum Structures, New York, 
198r> 



REFERENCES 



Aluminum Association. Aluminum 
Standards and Data, Washington, DC, USA. 

American Iron and Steel Institute. Steel 
Products Limits, Washington, DC USA. 

American Society for Metals. Metals 
Handbook, Metals Park, Ohio, USA. 

American Society for Testing and Materials. 
(ASTM) Standards (published annually), 
Philadelphia, Pennsylvania, USA. 

American Welding Society. The Welding 
Handbook, Miami, Florida, USA. 

Hornbostel, Caleb. Construction Materials, 
Types, Uses and Applications, John Wiley 
& Son. New York 1991. 

Zahner, L. William. Architectural Metals, A 
Guide to Selection, Specification and 
Performance, John Wiley & Son. New York 
1995. 
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TABLE 860-18. ALUMINUM CHANNELS 



Shape 


Size, in Siie, in 


Size, In 


Channels, square corners 



\=3 



ft X ft 


IK X * 


2* X ft 


is x i 


H X H 


2ft X 1ft 


ft X ft 


1 ft X ft 


2ft X 2ft 


ft X ft 


1ft X % 


3 X ft 


RX 1 


1 ft X ft 


3 X 1 


% X 1 


1ft X 1 


3X2 


% X ft 


1ft X tft 


3X3 


kx I 


1ft X ft 


4X1* 


« x ft 


1« X ft 


4ft X 2 


1 X 1ft 


1» X 1 


5X2 


1 X * 


2 X ft 




1 X 1 


2 X 1 




u x ft 


2X2 




1KX« 


2ft X % 





Channels, rounded corners 



2 X 1 

2 X 1ft 

3 X 1ft 

3 X 1ft 
4X2 

4 X 2K 

5 X 2ft 



5 X 2* 

6 X 2ft 

6 X 3ft 

7 X 2« 

7 X 314 
8X3 

8 X 3ft 



9 X 3ft 
9X4 

10 X 3ft 
10 X 4» 
12 X 4 
12 X 5 



Channels 



i * | 4 lU 


6 X 1.945 


4 x 2.4 30 


3 X 1.498 


6 X 2.034 


9 X 2.648 


3 X 1.596 


6 X 2.157 


10 X 2.600 


4 X 1.580 


7 X 2.1 10 


10 X 2 .886 


4 X 1.64? 


7 X 2.194 


12 X 2.960 


4 X 1 .720 


7 X 2.299 


12 X 3.047 


5 X 1.750 


8 X 2.290 


12 X 3.170 


5 X 1.885 


8 X 2.343 


15 X 3.400 


5 X 2.032 


8 X 2.435 


15 X 3.716 


6 X 1.920 


8 X 2 527 





Source Adapted trom The Aluminum Asiociation, Engineering Data for Aluminum Structures. New York, 
1986. 



O 
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TABLE 860-19. STEEL CHANNELS, COLD-ROLLED 



Shape 


Size, in 


Size, in 


Size, in 


Equal sides, square comers 



1 



* 



1 

1 1, 



1ft 

2 




Unequal sides, square corners 



t % x m 



1 X 2 
2* X 2* 



size 



K X «t 
*X* 
% X * 

» x K. 
1 X * 
1 X » 
l»X* 



IK X | 
IX x K 
tft x %, 

1ft X « 

1 ti x lft 
1* x ft 

2 X * 



2 X 
2 X % 
2 X 1 
214 X % 






(*> 


(b) 


C6 X 8.2 


6 


n 


X 10.5 


b 


2 


x n 


b 


2« 


CIO X 15.3 


10 


2* 


X 20 


10 


2* 


X 25 


10 


2'* 


X 30 


10 


3 


CI 2 X 20.7 


12 


3 


X 25 


12 


3 


X 30 


12 


3* 



Source: Adapted from Theodore D Walker, Site Design and Construction Detailing, 2nd ed., PDA Publishers, 
Mesa Arizona. 1986; and C C Ramsey and H.R. Sleeper, Architectural Graphic Standards. 9th ed., 
John R Hoke, ed., Wiley, New York. 1994. 



— 

rrj 
•*-> 

o 
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TABLE 860-20. STAINLESS STEEL CHANNELS 



Shape 



Size, in 



Size, in 



Size, in 



Equal sides, 



ft 
I 



1 



IS 
2 



Unequal 



cold -ml led 




* X Rt 

* x * 



It X 1 
IK X It 



2 X 1 
2% X 2?., 



Unequal sides, extruded 



1 X ft 
1ft X 1 
1* X ft 



2X« 
26 X * 
3X1* 



4X151 



Source Adapted from Caleb Hornboslel, Construction Materials, Wiley, New York. 1978 



TABLE 860-21. ALUMINUM STRUCTURAL I-BEAMS" 



Shape 



, in 



American Standard 




3 X 2.330 

3 X 2.50"J 

4 X 2.660 
4 X 2.796 



5 X 3 000 

5 X 3.284 

6 X 3.3 30 
6 X 3 443 



7 X 3.755 

8 X 4.000 
8 X 4.262 
10 X 4.660 
12 X 5.00 



Aluminum Association Standard 




3 X 2ft 
4X3 
5 X 314 



6X4 

7 X 4ft 

8 X 5 



9 X 5ft 

10 X 6 
12 X 7 



" Structural shapes in this table range in web thickness from 0.17 to 0.687 in; flange thickness from 0.257 
to 0.653 in; unit weights from 1 96 to 17.28 lb/ft J . 

Source: Adapted from The Aluminum Association, Engineering Data lor Aluminum Structures. 2d ed . 
New York, 1986. 
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TABLE 860-22. ALUMINUM H -BEAMS, STRUCTURAL WIDE-FLANGE 



Shape 



dimensions (in) 




2X2 
2* X 2 
4X4 
5X5 



6X4 
6X6 
8 X 5K 
8 X 6fe 



8X8 
10 X 5* 



Source; Adapted from The Aluminum Association, Engineering Data for Aluminum Structure;,, 2d ed.. 
New York. 1986 



TABLE 860-23. ALUMINUM ANGLES 



-Beams from W shapes, in 



Shape 



Designation 


Depth (b) 


Width (a) 


WH X 13 


8 


4 


W12 X 16 


12 


4 


W14 X 43 


13* 


H 


W14 X 53 


13* 


8 


WH X 68 


14 


10 


W14 X 90 


M 


1416 


W14 X 159 


15 


15* 


W14 X 257 


16* 


16 


W14 X 500 


19* 


17 


W16 X 40 


16 


7 




* Sizes shown here are those willnn ihe range typically used for structural columns. 

Source. Adapted from American Institute of Steel Construction, Manual on Steel Construction, Chicago, 

1980. 



TABLE 860-24. STEEL "S" SHAPES 



Shape 



S shapes, i 



Designation 


Depth (b) 


Width (a) 


S3 X 7,5 


3 


2* 


54 X 9.5 


4 


211 


S5 X 14.75 


5 


3* 


S6 X 17.25 


6 


3% 


S7 X 20.0 


7 


3% 


S8 X 23 


B 


4* 


S10 X 35 


10 


5 


S12 X 35 


12 


5)4 


51 2 X 50 


12 


5* 


SIS X 50 


15 


5* 


S18 X 70 


18 


64 


S20 X 75 


20 


6* 


S20 X 95 


20 


7Vi 


524 X 100 


24 


7U 


S24 X 120 


24 


8 



Source Adapted from American Institute of Steel Construction, Manual an Steel Construction. Chicago, 



J/J 
Hi 

o 

00 
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TABLE 860-25. STEEL "flfl" SHAPES' 



Shape 



Designation 



Depth (b) 



Width (a) 




M4 X 13 
M5 X 18.9 
Mb X 22.5 
M7 X 5.5 
M8 X 32.6 
M10 X 9 
M12 X 11.8 
M14 X 17.2 



•l 
5 
<> 

7 
8 

10 
12 
14 



4 

5 

6 

2* 

8 

214 
3* 
A 



' Selected typical lange 

Source: Adapted from American Institute of Steel Construction. Manual on Sleel Construct/on, Chicago, 



1981) 



TABLE 860-26. STEEL "HP" SHAPES 



(b) 



i(a) 



HP8 X 36 
HP10 X 57 
HP12 X 74 
HP14 X 102 



8 
10 
12* 

14 



8* 
I0H 
12* 
14*. 



Source: Adapted from American Institute of Steel Construction, Manual on Steel Construction Chicago, 
1980. 



TABLE 860-27. ALUMINUM PIPE 



Size Schedule Outside 

Shape (diameter), in number diameter, in 





5-160 


1.315 




5- ten 


1.660 




5-160 


1.900 




5-160 


2.375 


2ft 


5-160 


2.875 


3 


5-160 


1.500 


M 


5-80 


4.000 


4 


5-160 


4.500 


5 


5-100 


5.5 36 


6 


5-160 


6.625 



Source Adapted from Caleb Hornboslel, Construction Materia/s, Wiley, New York, 1978. 



rime-Saver Standards lor Landscape Architecture 



860-21 



TABLE 860-28. STEEL PIPE 



Size (nominal inside diameter}, in 



Shape 



2.067 


1, 939 


1.503 


2.69 


2.323 


1.771 


3.068 


2.900 


2.300 


3.48 


1.364 


2.728 


4.026 


3.826 


3.152 


5.047 


4.813 


4.063 


6.065 


5.761 


4.897 




Source: Adapted from American Institute of Sleel Construction, Manual on keel Construction, Chicago. 
1980. 



TABLE 860-29. SQUARE ALUMINUM TUBING 



Shape 



Sizes, in 

















I 









b 

! 











* 

H 
K 



i 

IK 
1 >S 



1* 
2 

2ft 

3 

4 



Source: Adapted from Theodore D. Walker, Site Design and Construction Detailing, 2d ed.. PDA Publish- 
ers, Mesa, Arizona. 1986. 



TABLE 860-30. SQUARE STEEL TUBING 



Sizes, in 



Sizes, in 



Sizes, in 




1 

I* 

IK 
1* 



2 

26 

3 

3» 



Source: Adapted from Theodore D Walker, Site Design and Construction Detailing, 2d ed., PDA Publish- 
ers, Mesa, Arizona, 1986. 



o 

00 
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TABLE 860-31. STAIN LESS -STEEL WIRE* 



Type of wire 


Type of stainless 


Tensile strength, 


Major uses 


Cold-drawn 


302, 430 


90,000 ? 00,000 


Nuts, bolls, screws, rivets. 








and similar producls 


Weaving 


302 


70,000-150,000 


Wire mesh anrl doth 


Rope 


302 


140,000-355.700 


Tension members and 








wire rope 



■ When obtained in coils, typical sizes range from 0.003 to 0.5 in diameter. When obtained in straight 
or cut units, typical sizes include 0.03 in and greater. 



Source. Adapted from Caleb Hornboslel. Construct/on Materials. Wiley. New York, 1978. 



TABLE 860-32. COMMON AND JOIST HANGER NAILS 



Diameter of Number 
Length, in Penny, d Gauge, # h«ad F in per pound 



1 


2 


15 




847 


IK 


3 


14 


% 


543 


its 


4 


12* 


ft 


296 


1* 


5 


12* 


K 


254 


2 


6 


m 


% 


167 


2K 


7 


n« 


% 


150 


28 


e 


10ft 


* 


101 


.'>, 


9 


10ft 


i 


42 


3 


10 


9 




66 


3* 


12 


9 


** 


66 


3* 


16 


8 




47 


4 




6 


« 


30 


4» 


30 


5 




23 


5 


40 


4 


% 


17 


5* 


SO 


3 


ft 


1-1 


6 


60 


2 


% 


11 


Joist hanger nails 


1 


Length, in 


Penny, d 


Gauge, * 


Notes 




U 


8 


11 


loi>l hanger nails arc -.hurtf r than 


18 


10 


9 


common nails ot the 


same 


216 


16 


8 


gauge or penny. 




If 


20 


(0.1921 


Annular ring 




21 


*- in diameter 


(0.250) 


Annular ring 




2X 


20 


(0.1921 


Annular ring 





Source. Adapted from C C Ramsey and H.R Sleeper. Architectural Graphic Standards. 9th ed., 
John R. Hoke. ed.. Wiley, New York, 1994 
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TABLE 860-33. MISCELLANEOUS NAILS 



Nail types 



Materials 



Length 
(I), in 



Size 



Penny 
(d) Gauge (#) 



Cemenl or concrete nail 



d 

also flathead c* 
Common brad 

Inf 



Smooth, bright, oil- 
quenched 



Bright or cement- 
coated; cupped 
head available 



16-3 



1-6 



8-30 10-5 



2-60 15-2 



Common nail 



d 

Double-headed nail 



ITTTTr 



Steel, plain or zinc- 1-6 
coaled 



Brighi. cemenl- 1*-4» 
«| coated, and made 
in several designs 



2-60 



15-2 



11» 



I 



Fence nail 

fl rrn ii i— 



Finishing nail 



Inf 



3*- 

o 



Smooth, bright, 114-4 
cement-coaled 



Smooth wire; cupped 1 -4 
head available 



2-20 



10 



15 



Hinge nail 

Q SEP 

oval head aha a 
Masonry nail 



Smooth, bright, or 
annealed 



High carbon steel, 
heated and 
tempered 



1»-4 
(*.-*) 



»-4 



10-18 



9-7 



Roofing nail 




Barbed, bright, or 
zinc -coated; 
neoprene washer 
optional 



*-2S 



4-16 



fl-12 



Shingle nail 
jjuii 



Smooth, bright, zinc; 
cement-coaled; 
light and heavy 
aluminum 



2*-3 



12 



Siding nail 



Steel, zinc-coated 
(used for fences, 
gates, etc.) 



2*- 3 



II 



Slating nail 



Round wire spike 
[ )l 1 



(oroo 



Zinc-coated, bright 1-2 several several 

cement-coated, n, 
copper -clad 



Smooth, bright, or 3-6 (**)-20 (**)-6 

— ^ zinc-coated (also 
in lengths up to 
t 12-16 in) 



Source Adapted from C. C. Ramsey and H R Sleeper, Architectural Graphic Standards. 9th cd . 
John R. Hoke, ed , Wiley, New York, 1994 
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TABLE 860-34. WOOD SCREWS AND LAC BOLTS* 



Lag bolts 



CO 



Decimal 
in ' 



Decimal 



Length, in 



Diameter 



Length, in 




1 

1 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
14 
16 
18 
20 
24 



0.063 
0.073 
0.086 
0.099 
0.112 
0.125 
0.1 Mi 
CM SI 
0.164 
0.177 
0.190 
0.203 
0.216 
0.242 
0.268 
0.294 
0.320 
0.372 



K-* 

ft-X 

5- * 
*-1 
14-1 » 
*-lft 
%-2» 
K-24 
»-3 

6- 3 
H-3X 
*-3* 
%-4 
*-5 
1-5 

U-S 
1 

3-5 



S 

* 

Id 
t 

« 

1 



0.250 
0.313 
0.375 
0.438 
0.500 
0.625 
0.750 
0.875 
1.000 



1-6 
1-10 
1-12 
1-12 

1- 12 
1 14-16 
1JS-16 

2- 16 
2-16 



* American Standard sizes by the American Boil. Nut. and Rivet Manufacturers Many screws are available in 
aluminum, brass, copper, stainless steel, monel and bronze. 

t Length intervals: Va-m increments up to 1 in M-m increments from 1 V* to 3 In and 'A-in increments 
from 3Vito5in. 

Source Adapted from C C Ramsey and H R Sleeper, Architectural Graphic Standards, 9th ed.. 
John R Hoke. ed.. Wiley, New York. 1994 
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TABLE 860-35. WOOD SCREWS AND LAC BOLTS' 



Cap Wl»ll length In 



I I 



Screw 
Diameter 


Button 
head 


Flat 
head 


"head " 


Fillister 
head 


Machine 
bolt 


Carriage 
bolt 


» 


S-2H 


t-2Jt 


v.. r- 


ft-3 


ft 8 


s fi 






ft 2S 


ft- 3ft 


ft- 3ft 


ft-8 


*-8 


i 


ft-3 


ft-3 


»-4 


R-314 


ft-12 


*-12 




K-3 


ft-3 


*-4 


ft-3« 


ft-12 


1-12 




*-4 


S-4 


*-4ft 


ft-4 


ft- 24 


1-20 


* 


1-4 


1-4 


1-4H 


1-4 


1-30 


1-20 


■ 


1-4 


1-4 


1-5 


U-4ft 


1-30 


1 2d 


* 


1-4 


1-4 


U-5 


1»-4ft 


1-30 


1-20 








2-6 


1«-5 


16-30 










2-6 


2-5 


1ft- 30 





CP 



I 



TABLE 860-36. ASTAA STANDARD 
STEEL REINFORCING BARS 
(NOMINAL DIAMETER) 

Bar size 



designation* 


Diameter, in 


Weight, lb 


#3 


0.375 


(1.376 


#4 


0.500 


0.668 


#5 


0.625 


1.043 


#6 


0.750 


1.502 


#7 


0.875 




#8 


1.000 


2.670 


#9 


1.128 


3.400 


#10 


1.270 


4.303 


#11 


1.410 


5.313 


#14 


1.693 


7.650 


#18 


2.257 


13.600 



* Bar numbers are based on the number of • in 
included in the normal diameter of Ihe bar. 

Source. Adapted from Wire Reinlorcement Insti- 
tute, Mclean, Virginia, 1963. 



Set strews 



m @ 


ffi ® e 

1 CD 1 


Square Hexagon 
nut nut 


Square head 
diameter 


Length 


Headless 


Length 


Nuts are available lor all 
screws and bolls 


6 1 




«4H* 


*-5 



Machine strews and stove bolts: length, in 




Flat head, 



Stove bolt 


Machine screw 


Round 
head 


fillister head, 
oval head 


Owen head 




2 


tt-ft 


ft- it 






3 


M 


it- ft 






4 


It-lft 


it-ift 






4 


ft-lft 


i-ift 


It-* 


It 


S 


*-2 


ft-2 


ft-2 




6 


»-2 


*-2 


*-1 


fa 


8 


r,.-3 


ft.-3 


ft.- 2 


Mi 


10 


*<-6 


K.-3 


14-6 




12 


ft-3 


K-3 




ft 


1 


Vm-6 


*W 


S-6 


Mi 


•„ 


*-6 


ft-3 


*-6 


* 


ft 


ft-5 


ft-3 


" 6 


ft 


ft 


1-4 







* Stove bolts have wider tolerances than machine screws. 

t Length intervals: Vie-in increments up to Vj-ln, Vfc-in increments from "Vfc to 1 V*-in. and V4-in increments 
from Vh to 3'A-ln, and V;-ln increments from 3 'ft to 5 in 

t 5iie 4 screw to '/2-in diameter 

Source. Adapted from C. C Ramsey and H R Sleeper, Architectural Graphic Standards, 9th ed , 
John R Hoke, ed , Wiley, New York, 1994 
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TABLE 860-37. WELDED WIRE FABRIC (COMMON STOCK) 



New designation 1 


Old designation 


Steel area/ft 




Spacing — cross 








sectional area, in— inV 
100 


Spacing— wife gauge, 
in— AS&W 


Longitudinal, Ti 
in 


ans verse, 
in 


Rolls 31 " 


6 X 6— W1.4 X W1.4 4 


6 X 6—10 X 10 


0.028 


0.028 


6 X 6— W2.0 X W2.0 5 


6 X 6—8 X 8 6 


0.040 


0.040 


6 X 6— W2.9 X W2.9 S 


6 X 6—6 X 6 


0.0S8 


O.OSfl 


6 X 6— W4.0 X W4.0 


6 X 6—4 X 4 


0.080 


0.080 


4 X 4-W1.4 X W1.4 


4 X 4-10 X 10 


0.042 


0.042 


4 X 4-W2.0 X W2.0 


4 X 4- 8 X 8 6 


0.060 


0.060 


4 X 4-W2.9 X W2.9 


4 X 4—6 X 6 


0.087 


0.087 


4 X 4-W4.0 X W4.0 


4 X 4—4 X 4 


0.120 


0.120 


Sheets M 


6 X 6— W2.9 X W2.9 


6 X 6—6 X 6 


0.0S8 


0.058 


6 X 6— W4.0 X W4.0 


6 X 6—4 X 4 


0.080 


0.080 


6 X 6— W5.5 X W5.5 7 


6 X 6-2 X 2° 


0.110 


0.110 


4 X 4-W4.0 X W4.0 


4 X 4-4 X 4 


0.120 


0.120 



' Mel hod of designating: 



WWF6 X 12 - W16 X W26 

WWF 6 in - longitudinal wire spacing 
1 2 in - transverse wire spacing 
W16 ~ longitudinal wire size 
W26 = transverse wire size 

2 Welded mesh comes in rolls: 150-, 200-, and 300-ft lengths. 

1 Widths vary from 56 lo 72 inches in 2-inch increments and from 84 to 96 inches in 3- and 4-inch 
increments. 

* Tensile strength: 70,000-80,000 psi. 

5 Most commonly used sizes. 

6 Exact W-number size for 8 gauge is W2.1. 

7 No. 2 gauge and larger comes only in sheets. 

8 Exact W-number size for 2 gauge is W5 4 

Source: Adapted from Wire Reinforcement Institute, McLean, Virginia, 1963. 



TABLE 860-38. CABLE (BRAIDED WIRE) 



+-» 

o 

00 







Nominal 












diameter, 
in 




diameter, 
in 












1 


0.24 


IS 


3.82 




1.10 


2* 


12.74 


Vm 


0.32 


1% 


4.51 




1.28 


3 


15.11 


ft 


0.42 


i'. 


5.24 




1 47 




18.00 




053 


I'k 


6.03 


1 


1 67 




21.00 


« 


0.65 


2 


6.85 


1* 


2.11 


3% 


24.00 




0.79 


2X 


8.66 


l 


2,64 


4 


27.00 


% 


0.95 




10.60 


1* 


1.21 







Source: Adapted from Caleb Hornbostol. Con- 
struction Mater/a/s, Wiley, New York, 1 978. 
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TABLE 860-39. WELDED JOINTS (STANDARD SYMBOLS) 



BACKING 


SPACER 


WELD ALL 
AROUND 


FIELD WELD 


CONTOUR 






FLUSH 


CONVEX 


FOR OTHER BASIC AND 
SUPPLEMENTARY WELD 






o 








SYMB0L5. SEE 

AWS A2.4-B6 

























BASIC WELD SYMBOLS 



BACK 



FILLET 



PLUG 
OR 
SLOT 



□ 



GROOVE OR BUTT 



SQUARE 



II 



V 



BEVEL 



V 



V 



FLARE V 



FLARE 
BEVEL 



\r 



SUPPLEMENTARY WELD SYMBOLS 



STANDARD LOCATION OF ELEMENTS OF A WELDING SYMBOL 




GROOVE ANGLE OR INCLUDED 
ANGLE OF COUNTERSINK 
FOR PLUG WELD5 



LENGTH OF WELD 



PITCH (C. TO C. SPACING) 
OF WELDS 



FIELD WELD SYMBOL 
WELD- ALL-AROUND SYMBOL 



FINISH SYMBOL 



CONTOUR SYMBOL 



ROOT OPENING. DEPTH 
OF FILLING FOR PLUG 
AND SLOT WELDS 



EFFECTIVE THROAT 

DEPTH OF PREPARATION 
SIZE OR STRENTH FOR 
CERTAIN WELDS 

REFERENCE LINE 



SPECIFICATION PROCESS 
OR OTHER REFERENCE 



TAIL (OMITTED WHEN 
REFERENCE IS NOT U5ED) 

BASIC WELD SYMBOL 
OR DETAIL REFERENCE 

Note: 

Size, weld symbol, length of weld and spacing must read in that order from left to right along the refer- 
ence line. Neither orientation of reference line nor location of the arrow alters this rule. 
The perpendicular leg of LV V, V, V weld symbols must be at left. 

Arrow and Other Side welds are of the same size unless otherwise shown. Dimensions of the fillet welds 
must be shown on both the Arrow Side and the Other Side Symbol. 

Flag of field-weld symbol shall be placed above and at right angle to reference line of junction 
with the arrow. 

Symbols apply between abrupt changes in direction of welding unless governed by the "all around" 
symbol or otherwise dimensioned. 

These symbols do not explicitly provide for the case that frequently occurs in structural work, where 
duplicate material (such as stiffeners) occurs on the far side of a web or gusset plate. The fabricating in- 
dustry has adopted this convention: that when the billing of the detail material discloses the existence of 
a member on the far side as well as on the near side, the welding shown for the near side shall be dupli- 
cated on the far side 



ARROW CONNECTING REFERENCE LINE 
TO ARROW SIDE MEMBER OF JOINT 
OR ARROW SIDE OF JOINT 



iatirce American Institute i>l Steel ConsUuclion 



LA 

%. 
O 

vo 

00 
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1.0 INTRODUCTION 



This section describes two groups of 
materials: plastics and glass. In the 
past use of these two materials in 
terms of landscape design and construction 
has been very limited. More recently, there 
has been a surge of interest and use of 
these materials. This is particularly true of 
products and devices made out of a variety 
of types of plastics or combinations (rein- 
forced plastics with fiber glass) and lami- 
nates, etc. These uses overlap several top- 
ical sections such as Sections: 330, 450, 
460, 510, 540, etc.) and a few sections of 
Divisions 800: Materials and 900: Details 
and Devices. Refer to Table 870-7 for more 
information on these overlaps. 

Manufacturers of these materials and 
products made from them should be con- 
sulted for suggestions on how to use one or 
more of their materials and products. 
Typically, they offer data on the range of 
shapes, sizes, finishes, products, product 
and installation specifications. 



2,0 PLASTICS 



Plastic have become important material for 
both construction and manufacturing of 
special products used in the landscape pri- 
marily because of their moisture and corro- 
sion resistance, toughness, malleability, and 
light weight. 

Basically, plastic is a synthetic or man- 
made material made up of giant molecules 
built around a carbon or a silicon atom. 
There are many terms used to identify dif- 
ferent types of plactic. Some of the better 
known terms are vinyls (such as polyvinyl 
choloride or PVC), acrylics , and polyesters 
(often reinforced by fiber glass). More sim- 
ply they can be categorized into two basic 
groups as a function of how they are made 
and their response to heat: 

Thermoplastics soften with exposure to 
heat and harden when cooled (like candle 
wax). This process can be repeated any 
number of times. 



Thermosets are plastic materials which 
are heated, shaped and then they cool and 
harden into a permanent set. Repeated 
exposure to temperatures above the nor- 
mal air temperatures will cause gradual 
chemicaJ decomposition, brittJeness, etc. 

2.1 Properties of Plastics: 

Tensile Strength: Most plastics are similar 
to wood in terms of tensile strength. 
Laminates and reinforced plastics offer 
greater strength, a few of which exceed the 
strength of steel, especially on a strength- 
to-weight basis (Table 870-1). Fiberglass- 
reinforced plastics (FRPs) have the highest 
tensile strengths. 

Stiffness: In construction, stiffness is 
often more important than strength. 
Thermosets are slightly stiffer than thermo- 
plastics, and reinforced plastics are the 
stiff est of all. Most are roughly comparable 
to wood, although the stiffness of some 
high-performance composites approaches 
that of aluminum or steel. 

Toughness: Toughness is generally 
expressed in terms of the ability to resist 
impact. Plastics (and different formulations 
of the same plastic) can vary widely in 
impact resistance. 

Hardness: Plastics scratch more easily 
than glass or steel, but some types of plas- 
tic may be more resistent to wear (e.g., as 
bearings) and may be superior to steel 
Their resistance to indentation is usually 
better than that of commonly used wood 
species across the grain, but some soft plas- 
tics are easily indented. 

Expansion and Contraction: Thrrmal 
expansion is characteristically high in plas- 
tics. Thermosets expand less than thermo- 
plastics. Reinforced plastics and laminates 
expand the least and are nearly compara- 
ble to aluminum. Expansion joints are nec- 
essary when materials of widely different 
expansion rates are abutt or are joined. 

Corrosion Resistance: Plastics vary in 
their resistance to attack by chemical 



reagents. Generally speaking, a plastic can be 
found to resist any common chemical. 
Fluorocarbons are the most inert and are sus- 
ceptible to attack by only the most powerful 
reagents. Other plastics are susceptible to 
only selective action by particular chemicaJs. 

2.2 Basic Types of Plastics 

Many kinds of plastic materials are commer- 
cially available. Table 870-2 describes those 
commonly available and their typical uses. 

2.3 Plastic Formats 

Plastic is available in a variety of formats. 
Tables 870-3 through 870-6 give commonly 
available sizes and important characteristics 

Sheet Plastic: The availability of sheet 
plastics varies between manufacturers. 
Special orders are sometimes possible 
(Table 870-3). 

Corrugated Plastic Sheets: These are 
made of fiberglass or non -reinforced plastic 
and are typically used for roofing applica- 
tions although they can be used for other 
non-structural purposes such as panels for 
fences, screens or free-standing walls as in 
Sec. 450. These products are often rated 
for strength, fire resistance, and other char- 
acteristics (Table 870-4). 

Rigid Plastic Pipe: These are made of 
polyvinyls and chloride (PVC) and when a 
stablizer is added it prevents or retards 
degradation of the plastic due to exposure 
to sunlight and other environmental condi- 
tions. Is commonly used in drainage, irri- 
gation, pools and fountain applications 
(Table 870-5). 

Flexible Tubing: This is commonly used 
to protect underground wires and in irriga- 
tion applications (Table 870-6). 

2.4 Plastic Products. 

870-7 shows the range of types of plastic 
products that are becoming available for a 
variety of purposes which overlap several 
other sections of this handbook. It is 
expected that many more will be devel- 
oped and become widely used as the pos- 
sibilities and benefits of using plastic 
become better understood. 

Manufacturers of plastic materials and 
products should be consulted for sugges- 
tions on how to use one or more of their 
materials and products. Typically, they 
offer data on the range of shapes, sizes, 
finishes, products, product and installation 
specifications. 



1 . Most plastics are similar to wood in terms of tensile strength and stiffness. Laminates 
and reinforced plastics offer greater strength, a few of which exceed the strength 
and stiffness of aluminum and steel, especially on a strength-to-weight basis 

2 When two types of plastic, or plastic and another material are joined together, 
expansion joints are necessary if materials have widely different expansion rates 

3 Plastics scratch more easily than glass or steel, but some resist wear (e.g., plastic 
bearings) and may be superior to steel. 
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Table 870-1. SELECTED PROPERTIES OF PLASTICS 



Plastic 



Tensile Impact 
strength lb/ Compressive strength ft- 
in 1 strength lb/in 1 lb/in notch 



Effort <rf 



Clarity 



machining 
qualities 



Acrylonitrile-butadiene- 
styrene (ABSI 

Acrylic (PMMA) 



Cellulosics, (CA, CAB. CAP, 2000-9000 
CN, CP, EC) 



Epoxies (EP) 



4000-8000 7000-22,000 1.0-10 

7000-11,000 11.000-19,000 0.3-0.5 

2000-36,000 0.4-8.5 

4000-30,000 1000-40,000 0.2-10 



Fluoroplastics. (FEP, PCTFE, 2000-7000 1700-10,000 3.0 to no 

PTFE. PVF) break 

5000-13,000 20,000-45.000 0.24-6 



Melamine-formaldehyde 
(MF) 

Nylon polyamide (PA) 



Phenol-formaldehyde/ 
phenolics (PF) 

Polycarbonate (PC) 
Polyesters 
Polyethylene (PE) 

Polypropylene (PP) 



7000-35,000 6700-24,000 1.0-5.5 

3000-18,000 10,000-70,000 0.2-18 

8000-20,000 12,500-19,000 1.2-1 7.5 

800-50,000 12,000-50,000 0.2-16.0 



1000-5500 —to 5500 0.5-2.0 to 

no break 



2900-9000 3700-8000 0.5-20.0 



140-230 None to slight Translucent 
yellowing to 

opaque 

140-200 None Excellent 

10 

opaque 

115-220 Slight to Transparent 
discoloration, to 
embriltlement opaque 

200-550 None to slight Transparent 

to 

opaque 

300-550 None to slighl Transparent 
bleaching to 

opaque 

210-400 Slight to Translucent 
darkening to 

opaque 

1 75-400 Slight Translucent 
discoloration to 

opaque 

200-550 Darkens Transparent 

to 

opaque 
Transparent 
to 
opaque 

250-450 None to slighl Transparent 
yellowing, to 



250-275 Slight color 



180-275 Unprotected Transparent 

crazes fast, to 

weather opaque 
resistance 
available 

190-320 Unprotected Transparenl 

crazes fast, to 

opaque 



resistance 
available 

Polystyrene (PS. SAN. SBP, 1500-20,000 4000-22,000 0.25-11.0 140-220 Slighl 



SRP) 
Silicones (SI) 
Urea-formaldehyde (UF) 

Urethanes (UP) 

Vinyls (PVAc, PVAI, PVB. 
PVC, PVCAc, PVFM) 



800-35,000 100-18,000 -to 15 
5500-13,000 25,000-45,000 0.25-0.40 

175-10,000 20,000 5 to flexible 

500-9000 1000-22,000 0.4-20 

(Impact 
strength 
varies 
with type 
and 

amount 
□f 

plasticizer) 



Excellent 
to 
opaque 

400 >600 None lo slight Clear to 

opaque 

1 70 Pastels, gray Transparent 

lo 

opaque 
Clear to 

opaque 
Transparenl 
to 

opaque 



190-250 None to 

yellowing 
120-210 Slight 



Good to excellent 
Fair to excellent 
Good to excellent 
Poor to excellent 
Excellent 
Fair lo good 
Fair lo excellent 
Poor to good 
Fair to excellent 
Poor to excellent 
Fair to excellent 

Fair to good 

Fair to good 

Fair lo good 

1 m 

Fair to excellent 
Poor to excellent 



t/1 



-o 
c 



Source: Albert G. H. Dietz, PlasKci for Architects and Builders, The MIT Press, Cambridge, Mass., 1969. 



o 
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Table 870-2. TYPES OF PLASTICS 



Acrylics (PMMA) 



Acrylonitrile-Butadiene- 

Slyrene (ABS| 
Cellulosics (CA, CAB. 

CAP, CN, CP, EC) 

Fluorocarbons (FEP, 
PCTFE, PTFE, PVF) 

Nylon/polyamide (PA) 



Polyethylene (PE) 



Polystyrene (PS, SAN, 



Vinyls (PVAc, PVAI, 
PVB, PVC, PVCAc, 
PVFM) 



Common trade name* in the United States include Lucile and Plexiglas. They are transparent, break-resistant, and 

weather-resistant. They scratch easily and soften at 200"F <90'C). Uses include skylights and roof domes, glazing, 

lighting fixtures, clear or corrugated sheets for roofing, films or sheets bonded to wood or metal for exterior finishes, 

and molded pieces of hardware. 
Copolymers noted for toughness, chemical resistance, nonbriltleness at low temperatures, rigidity, and tensile strength. 

Typically used for piping and pipe fittings; water and gas supply lines for drain, waste, and vent systems, 
Transparent (cellulose acetate) but optical properties are not as good as acrylics. Remarkably tough and withstand rough 

handling, but not all are suited for prolonged outdoor exposure. Primarily used in photographic film and recording 

tape, but also for piping and pipe fittings, outdoor-lighting fixtures, and handrailings. 
Very inert, high thermal stability (450 to 500'F) (230 to 260*C) and excellent resistance to chemical attack. Used in 

piping for highly corrosive chemicals at high temperatures; for low friction slider pads to permit movement in steam 

lines; and as nonstick linings for pots and pans (Teflon). 
A common name for a group of plastics called polyamides. Molded nylons are tough, with high strength, good chemical 

resistance, and good shear resistance, but not good weather resistance. Nylon fabric uses include sails, parachutes, 

and air-supported structures. 
Waxy, chemically inert, flexible at low temperatures, and good water or vapor barrier, but untreated polyethylene 

deteriorates in sunlight. Used for vapor barriers in building construction, wire and cable insulation, and for certain 

types of piping (e.g., cold water, gas, and chemicals). Not suitable for conditions involving high temperatures or 

extremely corrosive chemicals. 
Brittle, weathers poorly, and begins to soften at about 21 2'F (100'C). It is transparent, has a wide range of colors, and 

Is water-resistant. Used for lighting fixtures and various molded pieces of hardware. Expanded (foamed) polystyrene 

Is used in construction (or insulation, as well as for core material in the manufacture of doors and sandwich panels. 
Have a wide range of properties ranging from flexible film to rigid pipe. Most possess good strength and toughness, fair 

chemical resistance, and low water absorption. They do not perform well at high temperatures, and some may soften 

at 1 30°F (55'C), but some are suitable for outdoor exposure (e.g., polyvinyl chloride). Used to produce sheet and 

tile flooring; gutters and downspouts; moldings; clapboards and siding; window frames; piping and drainage systems. 

In sheet form it is used for facings in sandwich construction and is bonded to wood or metal for exterior building 

finishes, doors, and window frames. 



Epoxy(EP) 



Melamine- 

Formdldehyrie/Urea- 
Formaldehydc- (MF, 
UD 

Phenol-Formaldehyde/ 
Phenolics (PF) 



Silicones (SI) 



Urethane/Polyurethane 
(UP) 



Remarkable adhesive strength, chemical resistance, and water resistance. Used for bonding metal, glass, masonry, and 

other plastics; in coating compounds and adhesives; and as protective coatings. Also can be mixed with mineral 

aggregate or plastic chips to produce terraz/o. 
Both are classified as amino plastics and have similar properties: hard, relatively dimensionally stable, and available in a 

wide color range. Melamine is mainly used in high-pressure laminates for countertops and cabinet finishes, as 

adhesives for plywood, and as a protective treatment for fabrics and paper. 

Low-cost plastic limited to dark colors, strong, and both electrical- and heat-resistant. Pure phenolics are brittle and 
hard, but mixing with fillers improves their impact resistance. In molded form, they are used for electrical parts and 
hardware items. As foamed insulation, they are used as the core for sandwich panels and around piping and ducts. 
Resins are used to form high-pressure laminations. 

Stable compounds of high corrosion resistance, electrical resistance, a wide service range of temperatures (-80 to 
500"F) (-60 to 260"C), and resistance to weathering. Applied to masonry as a water-repellent, sealant, and relardant 
to weathering. 

Used primarily as low-density foams for either soft, flexible, open-cell types or tough, rigid, closed-cell types. Resistant 
to heal, chemicals, and fire (when properly formulated, but smoke may be severe|. Uses include building insulation 
and as the core material in sandwich panels. Flexible urelhane foams are used for cushions, upholstery, and padding. 



Simple one-component plastics sometimes do nol have all the properties necessary for specific applications. Plastics arc 
often combined with other materials to produce a product with properties not inherent in the individual materials 
themselves. Three principal types ol composite plastic products include laminates, reinforced plastics, and 
sandwiches. 
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Table 870-3. SHEET PLASTIC TYPES AND SIZES "t 



KEY: 



MINIMUft 
THICKNES 



AREA FOR " 

MINIMUM 

THICKNESS 



•thickness 



■ AREA FOB 
MAXIMUM 
THICKNESS 







Tinted 








Acrylic, sheet 


0.060 




Same as clear 


Same as clear 


Available in 
some 
colors 




24 X 36 


120 X 144 


Polycarbonate, sheet 




14 


0.06 


1 




Available in 
some 
colors 


0.125 


0.250 


72 X 96 


96 X 96 


ifi x 4fl 


120 X 544 




72 X 96 


Acrylic polycarbonate, 
double-skin 


M 


58 


Same as clear 








48 X 96 


48 X 144 + 


Acrylic polycarbonate, 
laminates 


1 


IK 


Same as clear 








48 X 96 


Reinforced 






Same as clear 








44 X % 



• Maximum sizes are available from one or more manufacturers; larger sizes and/or additional material variants may 
be available on request. Larger sizes may be approved by UL on special request. 

t Strength values given are average and (or short-term loading; they may vary from manufacturer to manufacturer 
and from product to product; check with manufacturer also for long-term and cyclic loads. 

Source; Sweet's Division, Building Product Selection Data, McGraw-Hill, New York, 1984 



Table 870-4. CORRUGATED PLASTIC SHEETING TYPES AND SIZES 



Weight or 



span, in' 



Corrugated 
fiberglass, 
reinforced 
plastic 


1 K-in corrugations. 
S-in deep 


J 


40-22 


2b in 
(maximum 
SO in) 


4-39 ft 


5, b. S 


1.1*, or2 
corrugation 

■.Hi,- lap 

in 

minimum 


Self-tapping screws, drive 
screws and nails. All 
with neoprene 
washers 




2*-fn corrugations. 
*-ln deep 

4.2-in 

corrugation*, 
1 (Win deep 




65-32 
71-50 


26 In 

(maximum 

50 in) 
42 in; 504 in 


4-39 ft 
4-39 ft 


4, 5, 6, 

a, io, 

12 
5-12 


end lap 


(a) Weight; 
approximately 40 lb/ 
ft* 

(b) Color and texture: 
many colors 

nslucent to opaque, 
smooth or pebble 
finish 

(c) Fastener; self-tapping 
screws. Drive screws 
and nails with 
neoprene washers 




2.67-in 

corrugations. »- 
in deep 

5-V crimp. 1-in 




70-42 
65-32 


Win 
26 in 


4-39 ft 
4-39 ft 


5-12 
5-8 






deep 
5.3-V crimp, J -in 






41* in; 45 in 


4-39 It 


5 12 






Corrugated 
plastic. 

nonreinforced 
plastic 


deep 
2.67-in 
corrugations, 
*»-in deep 


1 


70-42 


50* in 


H. 10, 
12,15, 
20 ll 


5-8 


1 corrugation 
side lap 
Bin 

minimum 
end lap 





(A 
O 

■o 
c 

i/i 
y 

4-> 

1/1 



O 

IV 



•For 15-40 lb/ft'. 

Souire c C Ramsey and H R Sfcrpw. Arctotectwu OafthK Stantto/tfi S!/i «f.Johi> R Hoke Ml . Wiley. New Yak. I9»4 
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Table 870-5. SCHEDULE 80 RIGID PVC PIPE SIZES 



Nominal pip* size, in 
Actual inside diameter 
Actual outside diameter 



ft 
.546 
,840 



I 

.742 
1.050 



t 

.957 
1.315 



114 
1.278 
1.660 



1ft 
1.500 
1.900 



2 

1.939 
2.375 



2ft 
2.323 
2.H75 



Source. Theodore D. Walker. Sire Design and Construe lion Detailing. 2d ed., PDA Publishers. Mesa. Arizona, 1986. 



3 

2.900 
3.500 



4 

3.826 
4.50 



3 



en 
u 

1 



o 

IN. 



3.0 CLASS 



Glass is seldom used in any major way relat- 
ed to landscape design and construction. 
Depending on its proposed use, local 
and/or national codes may effect how it can 
be used. Before using any glass material it 
is important to determine whether and 
which codes apply? In the United States, 
the Consumer Product Safety Commission 
(CPSC) Standards and local building code 
regulations should be consulted. Glass 
products seem to incur higher rates of van- 
dalism than most other materials. 

3.1 Properties of Glass 

Glass has several properties that permits it 
to be used fir a variety of purposes. Few of 
these are applicable to landscape design 
and construction. These properties are list- 
ed very briefly here. More technical infor- 
mation should be sought from the manu- 
facturing associations or manufacturers of 
glass and glass-based products. 



Table 870-6. 125 PSI FLEXIBLE POLYETHYLENE TUBING SIZES 

Nominal pipe size, in ft K 1 IK 1ft 2 

Aclual inside diameter ,622 .824 1.049 1.380 1.610 2.067 

Actual outside diameler .711 .942 1.199 1.577 1.840 2.364 

Source; Theodore D. Walker, Site Design and Construction Detailing, 2d ed„ PDA Publishers, Mesa, Ari- 
zona, 1986. 



Optical Properties. The transmission of 
visible light varies with the type or treat- 
ment of the glass or its surface. 

Mechanical Properties. While standard 
sheet glass cannot withstand bending or 
impacts some special glass units, such as 
glass blocks, can resist high compression 
which makes it useful in a vanety of appli- 
cations related to outdoor uses. 

Chemical Properties. Glass is inert, 
durable, nonporous, nonabsorptive, and 
resistant to weathering and corrosion. It 
can be acid -etched or sand blasted for 
greater obscunty for decorative purposes. 



Table 870-7. RANGE OF PLASTIC PRODUCTS AVAILABLE FOR LANDSCAPE 
DESIGN & CONSTRUCTION 



Types of uses 

by sections in tills book 

330: Stormwater Management 

450 Fences, Screens 

460: Decks & Broadwalks 
470 Pedestrian Bndges 
510: Site Furniture, etc 
530: Pools and Fountains 
540. Outdoor Lighting 
550. Plants & Planting 
610: Roof 4 Deck Landscapes 
620: Interior Landscapes 
850: Wood 

860 Metals 

Div 900: Details & Devices 



. of 

drain covers 
drain pipes 

panels & decorative elements 
structural elements 

decking, railings, seats, etc 

decking and railings 

signs, benches, lights, shelters 

plumbing & fountain elements 

Light fixtures, supports, etc. 

Plant contains, tree grates, etc 

decking, railings, seats, etc 

seating, plant contains, etc 



in lieu of cast metals, stone, etc 
in lieu of clay or Iron 

in lieu of wood, stone, etc 
in lieu of wood.metal. etc 

in lieu of wood, metal, etc 

in lieu of wood, metal, etc. 

in lieu of wood, metal, etc 

in lieu of metal 

in lieu of metal, etc. 

in lieu ol clay, metal, wood 

in lieu of wood, metal, etc 

in lieu of wood, metal, etc 

(as an alternative to wood 
lumber, posts, panels, etc.) 

(as an alternative to metal pipes, 
beams, posts, panels, etc.) 

(as an alternative to many materials 
shown in this Division : 



Thermo Properties. All types of glass 
expand and contract depending on their 
color and whether theyt reflect or absorb 
solar energy When two types of glass or 
glass and another material are joined 
together, the expansion rates of each mate- 
rial must be closely matched to minimize 
stress and to avoid possible breakage. 

3.2 Basic Types and Sizes 

Flat Class: Basic types of glass are flat, 
commercial glass include sheet, float, and 
plate All of these are rarely used within 
landscape designs and construction 

Glass Block: This type of glass product 
allows light to pass through but not with a 
dear view. The images seen through glass 
blocks are normally beautifully distorted and 
repeated with slight variations from block to 
block. If the images are moving, such as a 
person walking by, it results in beautiful ryth- 
mic abstract patterns rippling along the 
length of the wall of glass blocks. Table 870-8 
gives information on various types, sizes 
and construction properties of glass block. 
See Section 840: Masonry for additional 
information on masonry construction. 

3.3 Special Types of Flat Class 

Patterned Glass: This is a glass that has a 
linear or geometric pattern pressed onto 
one or both sides of the glass to obscure 
vision. Acid etching or sandblasting will also 
create greater obscurity. Patterned glass is 
available in a wide range of textures and 
patterns, primarily in thicknesses of 3 mm 
(1/8 in) and 5 mm (7/32 in). Table 870-9 
provides information on types and sizes. 

Wired Glass: Is glass is made with wire 
mesh or parallel wires rolled into the center 
of the glass to hold the glass together 
under low levels of impact or excessive 
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Table 870-8. GLASS BLOCK 

Nominal lizBi available- Maximum 
'-In thick i-in thick ^^trt'llb)* rt^^h'pit) r %a3't"« Bd trammf^cn. * Remark] f 



Single- cavity 



ClMf 


6X6 
8X8 
12 X 12 


6X6 3X6 
8X8 4X8 
12X12 4X12 
6X6 


Installed 


400-600 


Exterior: 
consult 
manufacturer 


75 


Corner pieces 6X6 
size only. Consult 
manufacturer for 
minimum radius for 
curved construction. 


Clear with reflective 


8X8 


Not available 


20 psf(4ln) 


400-600 




5-20 


Cold, bronze, or gray 


coaling 


12 X 12 










coating on one or 
both sides (for solar 


Light-diffusing patterned 














heat gain control). 


8X8 
12 X 12 


Not available 


15psf(3 in) 


400-600 


Interior: 
144 ft 2 
25 ft high 


39 


Provides maximum 
quantity ol diffused 
light (for glare control, 


Decorative patterned 














privacy). 


6X6 3X6 


6X6 3X6 


Consult 


400-600 




20-75 


Consult manufacturer 


I two-way fluted, 


8X8 4X8 


8X8 4X8 


manufacturer 








for specific patterns. 


semi-clear, etc.) 


12 X 12 4 X 12 


12 X 12 4 X 12 
6X8 


for 

individual 

block 

weights 










Light diffusing patterned 


8 X 12 
12 X 12 


Not available 


Same as single 
cavity 


400-600 


Same as single 
cavity 


28 


Double cavity formed by 
fibrous glass insert, 
white or colors ((dt 
glare and heal 


Decorative patterned 














transmission control). 


6X6 3X6 


Not available 


Same as single 


400-600 


Same as single 


«j 


Consult manufacturer 


(two way fluted. 


8X8 4X8 




cavity 




cavity 




for specific patterns 


semiclear, etc.) 


12 X 12 4 X 12 












(for heal transmission 
control). 




Clear 


5X5X2% 
8X8X3 
3 X 8 X » 
Round. 6g 




6 
15 
6 


80,000 


Consult 

manufacturer 


B0 


Consult manufacturer 
for information 
concerning anchors, 
stiffened, expansion 




diameter X 2 












strips, mortars, 
reinforcement, etc., 






























for all block types. 



" Check with manufacturers for exact dimensions, especially solid block. 



t Miliar |oinis lor glass block construction are rypially « in (6 mm) 

Source: Sweet s Building Product Selection Data, McGraw-Hill. New Vork. 1984 



heat. Wired glass is generally produced in 6 
mm {1/4 in) thickness only. Table 870-10 
provides information on types and sizes. 

3.4 Surface Finishes 

Glass in any format can be given various 
surface treatments during manufacture or 
afterwards. The techniques for doing this 
require both a technical knowledge and 



artistic tastes. Listed below are the three 
most common finishes: 

Etching: Certain acids can produce vary- 
ing degrees of transparency in glass, from a 
semipolished, translucent quality to a near- 
ly opaque, frosted appearance. Etching 
reduces the strength of sheet glass. 



1 When two types of glass, or glass and another material are joined together, the 
expansion rates of the materials must be closely matched to minimize stress differen- 
tials and avoid possible breakage. 

2. Table 870-8 gives information on various types, sizes, and construction properties of 
glass block. Refer to Section 840: Masonry for discussion of masonry construction 

3. Etching and sandblasting the surface finish can reduce the strength of the glass, while 
enameling strengthens the glass through partial tempering during the firing process. 



Sandblasting: This method usually gives 
a coarser appearance than acid etching and 
can reduce the strength of glass by as much 
as 50 percent. 

Enameling: Class can be coated with vit- 
reous enamels in translucent and solid col- 
ors and then fired at high temperatures. 
The firing process partially tempers the 
glass and makes it stronger. 



AGENCIES AND ORGANIZATIONS 



Government Agencies 

Consumer Product Safety Commission 
(CPSC), Bethesda, Maryland (or nearest 
regional office) 

National Bureau of Standards (NBS). 
U.S. Department of Commerce 0U 

Standards Development Services Section. Q 
Washington, D.C. (s^ 
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Table 870-9. PATTERNED CLASS TYPES AND SI2ES 



num Weight, 
p in iD/tt 



■life 



Patterned glass Floral 




Hammered 


* 60 X 132 1.60-2.10 80-90 


Stippled 




Granular 




Ribbed 




Fluted 


I* 60 X 132 2.40-3.00 80-90 


Slripedt 




• Maximum area varies according to producer; larger sizes may be available from some producers. 


f These are just a lew of the most 


common patterns available; many patterns are patented and made by 



one producer only. 

Source: Adapted with permission from Harold B. Olin, I. L. Schmidt, and W. H. Lewis, Construction: 
Principles Materials, and Methods. U.S. League .of Savings Institutions, Chicago, 1983. 



Table 870-10. WIRED CLASS TYPES AND SIZES 



Thickness, 

in 



lb/ft 1 



n,% 



Wired glass 



Polished (square 

or diamond 

mesh) 
Palterned 

(square or 

diamond 

mesh) 
Parallel wired* 



K 

I 



60 X 144 



60 X 144 



54 X 120 
60 X 144 
60 X 144 



3.50 



3.50 



2.S2 
3.50 
4.45 



80-85 
80-85 



80 85 
80-85 
80 85 



• This type of wired glass does not carry Underwriter's Laboratory, Inc. fire-retardant rating; il is used 
mainly lor decorative partitions. 

Source; Adapted with permission from Harold B. Olin, ). L. Schmidt, and W. H. Lewis, Construction.' 
Principles. Materials, and Methods. U.S. League of Savings Inslirutions, Chicago, 1983. 



Private Institutes and Agencies 

American National Standards Institute 
(ANSI), New York, New York 

American Society for Testing and Materials 
(ASTM), Philadelphia, Pennsylvania 

Construction Specifications Institute (CSI), 
Washington, D.C. 

Glass 

Building Officials and Code Administrators 
International (BOCA), Country Club Hills, 
Illinois 

National Glass Association (NCA), McLean, 
Virginia, (21 regional groups) 

Plastics 

National Association of Plastic Fabricators 
(NAPF), Washington, D C. 

Society of the Plastics Industry (SPI), New 
York, New York 
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1.0 INTRODUCTION 



Geotextiles and their associated prod- 
ucts (geogrids, composite drains, 
geo-cells, and grid or fiber soil rein- 
forcement) allow landscape architects to 
improve the basic properties of soils. With 
geotextiles one can increase bearing capac- 
ity, facilitate drainage, decrease erosion, 
and prevent the intermixing of different soil 
types. When selecting geotextiles, the key 
is to match the fabric, grid, etc., to the spe- 
cific conditions that need to be modified 



2.0 BASIC FUNCTIONS OF 
GEOTEXTILES 



The physical characteristics of a geotextile 
determine its value for an intended applica- 
tion. For example, some fabrics (or portions 
thereof) deteriorate over time, a trait desir- 
able for short-term erosion control, while 
others resist deterioration, a trait desirable 
for soil separation and drainage applica- 
tions. Common functions are described 
below. 

2.1 Separation 

A major use of geotextiles is to separate 
materials. Subsoil can be prevented from 
migrating into roadway base aggregate or 



railroad ballast, and different zones of 
material (i.e., clay, drain rock, etc.) can be 
kept separate in earth dams. Drain rock can 
be kept unclogged in planters, and retain- 
ing wall backfill can be kept separate from 
adjacent soil. The function of separation 
often coincides with other functions, such 
as filtration and reinforcement, Fabrics can 
be used as flexible concrete formwork. The 
fabric can be placed in difficult-to-get-at 
places and inflated with concrete or grout. 
The permeability of the fabric allows air or 
water to escape from the form as the con- 
crete fills the cavity between the layers of 
fabric. 

2.2 Reinforcement 

Geotextiles can be used to reinforce soils to 
improve bearing capacity, extending the 
range of moisture that can be accommo- 
dated under a load. Fabrics can be used to 
bind soil areas together to act as a unit to 
support foundations or to secure structures 
horizontally as deadmen. Grids can rein- 
force soil, similar to steel or mesh in con- 
crete, and fabrics or grids can be mixed into 
soil, similar to fiber reinforcement of con- 
crete. They can also be used between lay- 
ers of pavement to control reflected crack- 
ing and other failures. Geotextiles can be 
laid over soft, compressible subsoils and 



under an aggregate base for both drainage 
and added strength in roadways and other 
structures. Fabrics can also be used in turf 
to increase the durability of playing fields. 

2.3 Filtration (Drainage) 

Geotextiles can be used as a filter material 
in many drainage applications. Fabric is 
used to filter fine soil particles out of coars- 
er stone drainage media in underdrains, at 
the base of planters, behind retaining walls, 
etc. They can also be used to wrap perfo- 
rated pipe or other drainage media to pre- 
vent intrusion of fine soil particles into the 
drainage medium. 

2.4 Surface Protection (Erosion 
Control) 

Geotextiles can be used effectively to 
reduce soil erosion by reducing the velocity 
of surface runoff waters and securing sur- 
face soil particles in place. Fabrics for this 
purpose can be made of durable artificial 
fibers offering a long life, or natural or arti- 
ficial fibers that deteriorate over time, or a 
combination of the two. 

Erosion along coastlines or along water- 
ways can be minimized by using a perme- 
able fabric grid or containment web, cov- 
ered by heavy aggregate (the fabric traps 



Table 880-1. PROPERTIES OF VARIOUS GEOTEXTILE FIBERS 



Nylon « 



Polypropyle 



Polyvinyl 



Fiber properties: 

Tenacity, g/denier (approx ) 



Extension al break, 
% (approx.) 

Specific gravity 

Melting point, "C 

Maximum operating 
temperature. "C (approx.) 

Resistance to:' 

Fungus 
Insects 
Vermin 
Mineral acids 
Alkalis 
Dry heat 
Moist heat 
Oxidizing Agents 
Abrasion 
Ultraviolet light 



B 

15 
1,14 
250 

90 

3 
2 
2 
2 
3 
2 
3 
2 
4 
3 



a 

17 
1.14 
215 

Below 65 

3 
2 
2 
2 
3 
2 
3 
2 
4 
3 



45 

25 
94 
120 

55 

4 
4 
-i 
4 
4 
2 
2 
1 
3 
1 



8 

18 
91 
165 

90 

3 

2 
2 

n 

4 
2 
2 
3 
3 
3 



1 8 

25 
1.69 



3 
3 
3 
3 
3 
2 
2 

A 
4 



1.5 

Below 65 

1 
1 

1 
1 
1 
2 
2 

3 
I 



• Poor 1. fair 2. good 3. excellent 4 

Source. Existed tram .. paper by E W Cannon. Civil Engineering, March 1976 
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soil particles while allowing water to move 
through it). 

Fabric fences can also be used as wind- 
breaks to reduce wind erosion. 



3.0 GEOTEXTILE MATERIALS 



Geotextiles are composed of various fibers 
that are either woven or bonded together 
to form fabric. Related materials (grids, 
webs, composites) are formulated from 
plastics. 

3.1 Fibers 

Basic Types of Fibers: 

The main fibers used in geotextiles are 
polypropylene, polyester, polyvinyl chlo- 
ride, nylon, polyethylene, fiberglass, and 
natural fibers such as jute. The fibers can 
be recycled, or if natural fibers, are renew- 
able. 

Properties of Fibers: 

The type of fiber used in the manufacture 
of a geotextile determines the fabric's over- 
all strength and resistance to various envi- 
ronmental weathering agents (i.e., biologi- 
cal attack, chemical reaction, temperature, 
abrasion, and ultraviolet light) (Table 880- 
1). 

Properties of Plastics: 

Plastics provide a rigid framework in com- 
posite materials. The plastics can be either 
recycled or virgin material they add 
strength under a variety of conditions or 
maintain voids within a composite. 

3.2 Basic Types of Fabrics 
Woven Fabrics: 

Woven fibers are bound together into 
yarns, and the yarns are interlaced to form 
a weave (Figure 880-1). This rectangular 
structure gives woven fabrics their charac- 
teristic strength and extensibility (stretch). 
Parallel to the warp and weft, the fabric is 
the weakest and stretches the least, while it 
is the strongest and stretches the most at 
45 degrees to the warp and weft (Figure 
880-2). 

The number of yarns per area is the 
count of the fabric, and the count helps 
determine the porosity, weight, thickness, 
and extensibility of the fabric. The finish (if 
any) applied to the surface of the fabric can 
modify its properties. 

Nonwoven Fabrics: 

Nonwoven fabrics consist of continuous fil- 
aments or cut fibers bound together (n a 



Table 880-2. RECOMMENDATIONS 
FOR FABRIC OVERLAP 



CBR of soil 




20 


10 


1 d 

1 b 


12 


10 


14 


8 


15 


6 


18 


4 


22 


2 


25 


sourfc tldufonttkHtm 


an, "A Method lot Con 



ling 

AgRteftate Biftei Uimg 'Typer ' Spunbond&J Polypropylene, " 
unpuhlnhtd report, Wilmington. Detmaie 



random manner by mechanical entangle- 
ment, chemical bonding, or thermal bond- 
ing. Many geotextiles are then needle- 
punched to improve their permeability. 



Nonwoven fabrics tend to be 
strong and extensible in all directions and 
to have an evenly distributed range of pore 
sizes over the entire fabric (Figure 880-2). 



4.0 PROPERTIES OF GEOTEXTILES 



4.1 Physical Properties 

Thickness and porosity are the two physical 
properties of geotextiles most important in 
landscape applications. 

Thickness: 

As the thickness of a fabric increases (par- 
ticularly a nonwoven fabric), the overall 
strength of the fabric increases, but it has 
proportionately less permeability. Thicker 



j jl_ l uuyuMWt 

H 1 1 '~ •> t i\ M l | -|t I I UMTBT 



m 



WOVEN FAflRir 



WARP CAN 
PISTOKTEP SIDEWAYS 




HON WOVEN FABRIC 



Figure 880-1 . Basic Types of Fabrics. 

Woven fabrics consist of yarns that have 
been woven together, whereas nonwoven 
fabrics consist of filaments randomly 
bound together by mechanical, chemical, 
or thermal means. 



Geotextiles are available for a wide variety of applications. Their physical characteris- 
tics (i.e. permeability, pore size, tensile strength, durability, etc.) depend on their 
intended use. 

1 A major use of geotextiles is to separate materials. Typical applications include road- 
ways or earth dams, separating different zones of drainage materials. Geotextiles may 
also be used as fonmwork for concrete or grout. 

2. Geotextiles may be used to improve the bearing capacity of soils. It is commonly 
applied to roadways to reduce the amount of aggregate required to handle heavy 
loading. Other applications include tiebacks for retaining walls, slope and turf rein- 
forcement. 

3. Geotextiles may be used as filter material for drainage devices, such as perforated 
pipe. It is generally recommended that the minimum permeability of a filter geotex- 
tile should be greater than or equal to the permeability of the soil. The opening size 
must be small enough to prevent piping and subsequent clogging of the drainage 
device. 

4. Fabrics can be used to protect against erosion from runoff, either permanently or on 
a temporary basis Biodegradable geotextiles are used in temporary control situations. 
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non woven fabrics (three-dimensional fab- 
rics or felts) are much stronger than thinner 
fabrics (two-dimensional fabrics) but can 
become clogged internally by soil particles. 

Porosity: 

The permeability of a fabric is related to its 
porosity, the size of the openings in the 
fabric (Figure 880-3). Porosity is expressed 
as equivalent opening size (EOS) and corre- 
sponds to the closest U.S. standard sieve 
size (i.e., a fabric with an EOS of 200 has 
openings equivalent to a No. 200 sieve). 

Roughness: 

The roughness of a fabric surface relates to 
its ability to slow down moving water and 
"grab" the earth when used as a tie-back 
or deadman. 

4.2 Mechanical Properties 

Elongation, grab strength, and burst pres- 
sure are three mechanical properties of 
geotextiles most important in landscape 
applications. 

Elongation: 

Elongation is the percent increase in overall 
length the fabric attains when it is extend- 
ed. 

Crab Strength: 

The grab strength is the measure of force in 
pounds (kilograms) required to pull a fabric 
apart. 

Burst Pressure: 

Burst pressure is the amount of pressure 
required to burst a section of fabric. 



5.0 CRITERIA FOR SELECTION 
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following characteristics of geotextiles 
typically considered when assessing 
r value for a particular application: 

The filtering and piping characteristics 
of a fabric (e.g., the ability of the fab- 
ric to filter without clogging). 

The permeability K of a fabric (e.g., 
important in drainage applications). 

The pore size (EOS) of a fabric (e.g., 
important in drainage and separation 
applications). 

The moisture absorption properties of 
a fabric (e.g., important in erosion 
control applications. Natural fibers 
tend to absorb more water than syn- 
thetics). 

The chemical resistance of a fabric 
(e.g., resistance to chemical fertilizers. 



organic soils, excessively alkaline soil 
and resistance to oil and asphalt). 

6. The ultraviolet resistance of a fabric 
(e.g., important if fabric will be 
exposed to sunlight in part or in full). 

7. The tensile strength and extensibility 
of a fabric (e.g., important if the fabric 
is to hold together or remain in place 
under the force of gravity on a steep 
slope, or to conform to uneven ter- 
rain), 

8. The impact and abrasion resistance of 
a fabric (e.g., important if an aggre- 
gate will be installed over the fabric). 

9. The thickness of a fabric (e.g., the 
thickness will affect the permeability 
and extensibility of the fabric). 

10. The effect of on-site versus imported 
soils on a fabric (e.g., the soil beneath 
a fabric may be different both chemi- 
cally and texturally from the soil 
above). 

11 The soil holding ability of a fabric 
(e.g., important on steep slopes and 
areas subject to considerable runoff). 

12. Connection details (horizontal seams 
must be secured by overlap, mechani- 
cal fasteners such as stakes or staples, 
heat welding or sewing. Top and bot- 
toms of covered slopes need to be 
secured in a trench or secured 
mechanically.) See "Connection 
Details" illustration. 



6.0 SITE APPLICATIONS 



6.1 Separation 
Roadway or Railroad Bed: 

A geotextile placed between the subgrade 
and aggregate subbase will maintain the 
required design thickness of a bed by pre- 
venting the subgrade from migrating or 
pumping into the subbase (Figure 880-4). 

Earth Dam Design: 

Earth dam designs utilize many different 
zones of materials that are separated by 
geotextiles to maintain their individual 
functions (Figure 880-5). 

Drainage Medium Separation in Planters: 

The drainage medium can be kept separate 
from the planting soil by the use of a geot- 
extile in planters or in planted areas over a 
structure (Figure 880-6) 

Formwork: 

Fabrics can be used as formwork in either 
mat or tube forms. Two sheets of fabric are 
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Figure 880-2. Strength and 
Extensibility of Fabrics. Nonwoven fab- 
rics are equally strong and extensible in all 
directions, whereas woven fabrics are 
strongest and most extensible at an angle 
of 45 degrees to the warp and weft. 
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880-3. Porosity of fabrics. 

Nonwoven fabrics have a variety of pore 
sizes, while woven fabrics have consistent- 
ly sized pores. 
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joined together at various points and then 
inflated with concrete or grout in a manner 
similar to inflating an air mattress. These 
concrete or grout mats are used to stabilize 
embankments and to fill in voids beneath 
large structures set on irregular surfaces 
(Figure 880-7) Tubes of fabric can be used 
to set concrete or grout in difficult-to-get- 
at places, such as when underpinning 
bridge supports (Figure 880-8) and encas- 
ing piers in concrete (Figure 880-9). The 
flexibility of the fabric allows for easy 
placement of the formwork and allows 



water and/or air to escape when the con- 
crete or grout is injected into the tube. 

Tubes or mats can also be filled with soil 
(rather like oversized sandbags) for inex- 
pensive dams or retaining walls and/or 
shoreline protection. 

6.2 Reinforcement 

Paving: 

Ceotextiles can be used to prevent cracks in 
old pavements from being reflected in new 
pavement overlays. Fabrics are installed 




WATER PROOF 
MFMBKANF 
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Figure 880-6. Fabric used in 
garden planter. The geotextile keeps the 
drainage material separate from the plant- 
ing soil. 




Figure 880-4. Fabric used in roadway or railroad bed. The geotextile prevents 
the subgrade from pumping into the subbase. 
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Figure 880-5. Fabric used in zoned earthfill dam. Geotexf/Ves are used to sepa- 
rate the various zones of materials, thereby improving their individual functions. 



Figure 880-8. Fabric formwork used 
to install concrete under a bridge 
support to prevent undermining. The 

fabric formwork is in the shape of a donut 
which, when filled with concrete, protects 
the foundation on all sides. 




Figure 880-9. Fabric used for pier 
encasement. The fabric is in the shape of 
a sleeve which, when filled with concrete, 
encases the deteriorating pier. 
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Figure 880-10. Fabric used to inhib- 
it cracking of pavement. The fabric 
bridges over cracks in the underlying pave- 
ment, thereby preventing the cracks from 
being reflected in the overlying surface 
course. 



Figure 880-1 1 . Fabric used as a dead- 
man in a retaining wall. Geotextiles func- 
tion in t/>e same way as otlier forms of dead- 
men to anchor the retaining wait into tiie hill- 
side. 




RATIO) OF SOIL (*) 



Figure 880-12. Fabric used in road- 
way construction. The fabric separates 
the base course from the underlying sub- 
base, thereby reducing the amount of base 
material required under the roadway. The 
fabric also helps maintain proper drainage 
of the base course. 



Figure 8S0-13. The effect of fabric 
on the bearing capacity of a road 
base. Recent studies show that geotextiles 
can significantly improve the bearing 
capacity of soils with a low CBR, thereby 
reducing the necessary thickness of the 
base material. 



with a tack coat over the old pavement. 
The fabric bridges over the cracks and its 
strength supports the imposed loads, there- 
by protecting the overlying surface course 
(Figure 880-10). 

Retaining Wall Support: 

Geotextile tiebacks are used to anchor 
retaining wall facing units, utilizing the 
'■*-> weight of the ground behind the wall to 
jK hold the wall's facing units (Figure 880- 11) 

"q Slope Reinforcement: 

*j Slopes steeper than the natural angle of 
repose of the underlying soils are suscepti- 
ble to failure by sloughing. Geotextiles or 
Q grids can be used with plant material into 
qq the slopes to prevent failure of the bank. 
Horizontal geotextiles or grids are installed 



horizontally approximately every 2 feet and 
soil is compacted in place over the fabric or 
grid. 

Roadways: 

Compressible fabrics can reduce the 
amount of aggregate base material needed 
in a roadway construction. The separation 
of materials also extends the life of a road- 
way by maintaining proper drainage 
(Figure 880-12). 

The ability of soil to resist a load is mea- 
sured by the California bearing ratio (CBR) 
By adding a fabric to the soil, the effective 
CBR can be functionally increased and the 
amount of aggregate required for a 
roadbed can be reduced (Figure 880-13), 



Since rolls of fabric are available in limit- 
ed widths, fabric must be overlapped, 
fused, or sewn together to function as a 
continuous mat. Typical overlaps range 
from 300 to 1 500 mm (12 to 60 in), 
depending on the nature of the soil, the 
fabric, the degree of loading, and the thick- 
ness of the cover material. Table 880-2 
gives recommendations for overlap based 
on the CBR of the soil 

Turf Areas: 

Three-dimensional geotextiles or meshes 
have been used to reinforce turf areas 
Such fabrics have sufficient structural 
integrity to distribute the load of light vehi- 
cles or heavy play directly to the subgrade 
so that turfgrass can grow, free from prob- 
lems of compaction or abrasion. Such geo- 
textiles are installed either by spreading fine 
topsoil over the fabric, followed by seeding, 
or by spreading sod over the fabric and 
rolling the sod to ensure proper full contact 
with the earth. Turf areas can also be rein- 
forced by mixing fibers or thin grid sections 
into the topsoil for a depth of 100 mm (4 
in) or more to provide deeper resistance to 
compaction and sheer. In such a section 
the turf roots bind the fibers or meshes as 
they penetrate the soil and the turf protects 
the surface from erosion. 

6.3 Filtration 

Fabrics are used to prevent small soil parti- 
cles from entering aggregate layers in a 
base. In a traditional trench drain, filtering 
is accomplished by using layers of graded 
aggregate outside of a coarse aggregate 
zone. The key to a successful filter is for the 
filter to have openings that are large 
enough to allow movement of water and 
small enough to prevent piping (fine parti- 
cles of soil passing through the fabric and 
entering the drainage zone). The physical 
properties of a soil determine the range of 
the filter sizes needed to achieve proper 
drainage. 

Permeability: 

The permeability K of a soil (i.e.. K soil) is 
the factor which determines the minimum 
permeability of the geotextiles that can be 
used. In theory, a given fabric will not 
inhibit soil drainage if the following equa- 
tion is satisfied: 

K (fabric) > 0.1 (K soil) 

In other words, in theory, a fabric will 
not inhibit soil drainage if the fabric's per- 
meability is greater than one-tenth the per- 
meability of the soil with which it is used. 
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Practically speaking, however, it is gen- 
erally recommended that the minimum 
permeability of a geotextile used should be 
greater than or equal to the permeability of 
the soil. The minimum can be up to 5 times 
the permeability of the soil if the fabric 
used retains fine particles of soil as a result 
of electrochemical forces. 
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Protection against Piping: 

Piping refers to the process of fine particles 
of soil passing through a fabric rather than 
being retained. To prevent piping (and the 
consequent clogging of drainage media), 
the opening size of a fabric must be small 
enough to stop the passage of these fine 
soil particles (but still large enough to allow 
water to drain) (Figure 880-14). 



MAGNIFIED CROSS SECTION 
PERMEABLE MEMBRANE 
FILTER DRAIN 




ORIGINAL FILTER BRIDGING DRAIN 
SOIL ZONE NETWORK 

STRJC- IN SOIL OF LARGER PARTICLES 
TURE (SOMETIMES 

CALLED FILTER CAKE) 



Figure 880-14. Fabric used to prevent 
clogging of drainage media. This illustra- 
tion shows the development of the cake of 
fine soil materials that builds up behind a fab- 
ric. This cake acts as the filtering mechanism 
that prevents piping of fine soil materials into 
a drainage medium. 



The maximum equivalent opening size 
(EOS) of a geotextile refers to the maxi- 
mum opening size that a fabric can have 
and still prevent piping of fine soil particles 
(of a given size). To find out the maximum 
EOS appropriate for a given soil, the com- 
position of the soil must be analyzed for the 
size distribution of the smallest soil parti- 
cles. 

The criterion established by the U.S. 
Corps of Engineers to determine the maxi- 
mum EOS for a given situation states that if 
a fabric is to prevent piping, the EOS of the 
fabric must be less than twice the opening 
or sieve size that will allow 85 percent of 
the soil to pass through it (D85 soil). The 
following condition must be satisfied: 

EOS fabric < 2 

D85 soil 

This formula was developed for granular 
soils containing 50 percent or less silt (No 
200 sieve size) by weight. For soils contain- 
ing more than 50 percent silt, the U.S. 
Corps of Engineers recommends the fol- 
lowing formula: 

EOS fabric < 1 

D85 soil 

To reduce clogging, a minimum EOS of 
100 or a minimum open area of 4 percent 
is recommended. 

There has been a disagreement among 
professionals regarding minimum guide- 
lines for the use of geotextiles in landscape 
applications. Few experimental installations 
exist where a fabric's performance has been 
measured, and comprehensive guidelines 
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have not been well developed. However, 
current research has shown that fabrics 
with differing EOS and K ratings can per- 
form very similarly, This is because the fab- 
ric itself at some time after installation no 
longer functions as the primary filtering 
mechanism; rather, the cake of fine soil par- 
ticles that builds up adjacent to the fabric 
assumes the role of the filtering mecha- 
nism, The fabric then merely acts as a per- 
meable constraint (Figure 880-14). 

6.4 Erosion Control 

Protection against Water Erosion: 

Fabrics can be used to protect soil against 
erosion from overland runoff, either perma- 
nently or temporarily, while still allowing 
vegetation to germinate and grow. When 
selecting a fabric, care should be taken to 
select materials that will be biodegradable 
for a vegetative solution, or if a permanent 
nonvegetative installation is desired, to 
select fabrics that are resistant to abrasion, 
ultraviolet rays, etc. 

If a fabric is to be placed in a situation 
where an upward gradient may exist (i.e., 
upward movement of water through a fab- 
ric), care must be taken to specify a fabric 
that will not clog from upward movement 
of fine soil particles. 

If aggregate or ballast is to be placed 
over a fabric, the fabric should be strong 
enough to withstand dumping of the 
aggregate from trucks without tearing the 
fabric. The fabric should be anchored in 
place by wire staples, the ends of the fabric 
buried, and/or the fabric covered with bal- 
last. 

If a fabric will frequently or constantly be 
exposed to water, a nonbiodegradable vari- 
ety should be specified. At the toe of an 
embankment, for instance, a shallow 
trench should be dug and the fabric 
secured in it by use of staples, pins, or bal- 
last (Figure 880-15). The fabric is then 
secured up the entire embankment. At the 
top of the embankment the fabric must be 
secured to prevent surface water from 
undermining the fabric. After the fabric is in 
place, a layer of fine aggregate is placed 
over the entire surface and then covered by 
coarser aggregate. This process helps pro- 
tect the membrane from damage when the 
coarser aggregate is installed. 

Protection against Wind Erosion: 

Fabric fences, similar to those used for sed- 
iment traps (Figure 880-16), can be used to 
reduce wind-caused soil erosion. 



Sediment Traps: 

Preassembled fences (made of fabric with 
integral support and posts) can be used to 
trap sediment. These fences are located 
downslope from open excavations, etc., to 
trap waterborne silts and clays. They are 
installed by rolling out a fabric and driving 
posts into the ground. The bottom of the 
fence is buried in the ground to prevent 
runoff from undermining the fence (Figure 
880-16). Similarly, these fences can be used 
to reduce water turbidity (cloudiness or 
pollution) when dredging or excavating 
waterbodies or shorelines. 
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Figure 900-1. Public plaza design cross section. A typical design section depicting various detail types which commonly occur in 
such a landscape setting. Each setting carries its own set of descriptive details related to the activities or structures associated with each setting. 
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1.0 INTRODUCTION 



Design details together with written 
specifications illustrate and describe 
how proposed site design elements 
are to be furnished, assembled, installed or 
placed on the site by the contractor. Details 
describe surface finishes and the structures 
required to support them. Generally, a con- 
struction detail is required to describe 
ground plane changes in elevation and 
material, or at architectural structure foun- 
dations or thresholds. Additionally, details 
are required to describe site system compo- 
nents such as, utilities, stormwater devices, 
and other site improvements, which may 
include proprietary or custom built ele- 
ments. Figure 900-1 illustrates a typical 
design cross section depicting the range of 
detail types found in a public plaza. Each 
landscape type may require details com- 
mon to all site construction as well as 
details unique to that particular type. 

The details illustrated in this Division rep- 
resent medium duty details designed for well 
drained soils, unless specifically noted They 
are grouped by detail type, and represent a 
limited anthology to serve as a basis for fur- 
ther design development. Some common 
details are annotated to indicate how they 
may be modified to accommodate more 
intense loading or poorly drained soils. Each 
detail is dimensioned using dual metric and 
US units, and is subject to local variations, 
physical conditions, and cultural customs. 
These details are not to be used as construc- 
tion documents, since any detail must be 
derived from the specific site requirements. 
All structural specifications must be approved 
by appropriate local authorities and licensed 
consultants. 



2.0 DESIGN CRITEf 



Site construction details are typically 
designed to accommodate: 



1. Application requirements with regard 
to design loads Of use intensity: 

Loading or use are described as light, 
medium, or heavy duty. Each detail 
type possesses its own rating criteria 
for determining its duty of service- 
Pavements vary by design load which 
is expressed as finish material 
strength, and aggregate base thick- 
ness. Tree planting may vary by size 
and degree of environmental stress, 
while swale design may vary by vol- 
ume and velocity of discharge. 

2. Soils and hydrology: Common details 
require adaptation to colloidal or 
expansive clay soils subject to capil- 
lary moisture migration. This typically 
involves additional aggregate subbas- 
es, fabric separators, and strategically 
placed subdrain pipes Eccentrically 
loaded structures may require wider 
footings at greater depth to resist lat- 
eral sheer. 

3. Climate: Hot arid, hot humid, tem- 
perate, and cold climates affect foot- 
ing and pipe trenching depths, expan- 
sion joint design, material porosity 
and absorption tolerances, color, 
slope, etc. In addition, long-term 
maintenance requirements may limit 
the palette of materials in particular 
climate zones. 

4. Regulatory specifications: Local 
codes and Federal agency regulations 
may severely restrict the use of certain 
materials and design forms 



3.0 UNIT COST 



The unit cost of a particular detail Is deter- 
mined by the cost of materials, labor, 
equipment, and contractor overhead and 
profit. The long-term cost of a particular 
installation is determined by its embodied 
energy value, its rated length of service, 



and its annual maintenance budget 
requirements. Prudent detail design 
requires that all of these factors be consid- 
ered in the development of final details and 
construction specifications. 



4.0 ENERGY AND RESOURCE 
CONSERVATION 



It is highly recommended that long term 
embodied energy and maintenance costs 
be given a high priority in the final design 
development process. Recycled materials 
should be specified first from the local 
region, second from surrounding regions, 
and third from more distant sources. Newly 
processed short-lived materials made from 
non-renewable extracted resources should 
be avoided, along with processed materials 
requiring intercontinental importation. 
Materials with high embodied energy rat- 
ings should also have a long life expectan- 
cy, such as quarried igneous stone, stainless 
steel, etc., or should be made from recycled 
materials, such as aluminum extrusions 
made from recycled cans and scrap. 



5.0 MAINTENANCE 



Without proper maintenance, most pave- 
ments and structural site improvements will 
begin to show wear and deterioration with- 
in 10 to 15 years. Plantings typically mature 
during this same period Proper mainte- 
nance involves periodic surface coatings, 
pointing, cleaning and sealing of joints, 
flushing and oxidizing of drains and infiltra- 
tion devices, and pruning, transplanting, 
and dividing of plantings. Ideally, the 
designer should arrange to make periodic 
inspections as part of a site management 
contract agreement to insure that perfor- 
mance specifications be maintained during 
the design life-cycle. 
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Paving 



1.0 INTRODUCTION 



Pavement construction begins by 
properly grading and preparing the 
site subgrade to receive the designat- 
ed aggregate subbase and base courses, 
which are topped with the finish pavement 
surface. Simple light-duty pavements may 
only require a single aggregate base course 
and a single wearing surface course. 
Pavements may be divided into rigid, flexi- 
ble, unit, or monolithic types. Complex 
pavements designed for heavy duty use or 



poor subsoils may require multiple lifts of 
aggregate courses placed upon a fabric 
separator to prevent subgrade deforma- 
tion. Wet conditions frequently require 
subdrains to be placed at low points to 
insure uniform moisture conditions of both 
subgrade and subbase material. 

1.1 General Notes 

The primary objective of proper pavement 
design is to create a stable uniform sub- 
grade and aggregate base condition to 
guard against differential settlement over 



the pavement life. The second objective is 
to place the finish surface course in accor- 
dance with performance specifications to 
achieve the design goals. Aggregate and 
unit pavements require edge restraints to 
prevent lateral creep. Subbase aggregate 
should extend beyond the finish edge to 
provide structural support. Subbase and 
base thickness is determined by subgrade 
bearing capacity and permeability. For 
equal loads, rigid pavements require thin- 
ner aggregate bases than flexible pave- 
ments. 
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Figure 910-1. Plastic cellular turfgrid on aggregate 
base. Useful for emergency access or overflow parking lot 
in warm to temperate zones, 



Figure 910-2. Concrete cellular turfgrid paving I. Can 

serve as regular parking and service areas in all climates (heavy 
duty application). 
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Figure 910-3. Concrete cellular turfgrid paving II. 

Moderate duty applications for all climate zones. 



Figure 910-4. Skinned infield on aggregate base. Typical 
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baseball infield. May use proprietary 
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Figure 910-5. Clay tennis court. Clay tennis court with pro- 
prietary finish top course. 



Figure 910-6. Resilient asphalt running track on aggre- 
gate base. Typical built-up running track with resilient finish. 
Many surfaces available. 
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Figure 910-7. Concrete lawn pavers with drain joints. 

Paving system with offset nubs for close or far spacing shown 
with close spacing. 



Figure 910-8. Concrete pavers on aggregate base. 

Vehicular loading allowed with silica sand setting bed. 
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Figure 910-9. Concrete paving on aggregate base. Basic 
concrete slab paving. Aggregate base is recommended for all 
applications. 



Figure 910-10. Concrete paving on structure. Typical roof 
deck with concrete paving. Other finishes may be substituted. 
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Figure 910-12. Brick pavers on aggregate base. 

Aggregate base with thin sand setting bed provides better sup- 
port for heavy foot traffic. 
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Figure 910-13. Brick pavers on asphalt base. Good for 
cold climates to create uniform base conditions. 



Figure 91 0- 1 4. Brick pavers on concrete base. Bricks are 
mortared onto reinforced concrete base. 
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Figure 910-15. Brick pavers over existing concrete 
paving. Existing pavement must be drilled to provide drainage 
for sand setting bed. 



Figure 910-16. Brick pavers with sand swept joints on 
wood deck. Light decking uses EPDM and drain mat to sup- 
port brick with sand swept joints. 
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Figure 910-17. Wood pavers on asphalt base. Used pri- 
marily in warm climates for pedestrian or industrial surfaces. 



Figure 910-18. Flagstone pavers with topsoil joints on 
aggregate base. Thicker stone provides more soil for grass to 
grow Poor for arid zones. 




25-40mm ('"-1 1/2") 
'.AGSTQNE WITH 
SAND SWEPT JOINTS 
25mm (1") SAND 
SETTING BED 
100mm (4") AGGREGATE 



SPARED SUBCRADE 
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III 




II 



JT SIONE WITH 
/CEMENT SWEPT 



AHf "iETTINO BIT' 



- isnmm (i>") 
AGGREGATE BASE 



-COMPACTED SUBS»A« 



Figure 910-19. Flagstone pavers on aggregate base. 

Patio scale use of thin flag stone pavers. Commercial uses 
require thicker stone and base. 



Figure 910-20. Cut stone pavers on aggregate base. 

Classic cut granite sets in sand with aggregate base for medium 
duty applications. 
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ONE WITH 
f NT SWEPT JOINTS 



- I 00mm (4 ) CUT 
SAND OB SAND/Ct 

-NEOPRENE TACK COAt 
-20mm (3/4") BITUMINOUS 

SETTING BED 
-50 hit (2"J ASPHAi' COMC. BASE 

AGGREGATE SUBBAKf 

- PREPARED SUBGRADE 




tOOmm (A") CUT STONE WITH 
" 20mm (l/?"-3/A*^ MORTAR JOINTS 



VIORTAR SETTING BED 
mm (4") CONCRETE BASE 
IFOHCED AS RfQU'BCD 
MM (4") 
ACGfiFGATI BASE 
PREPARED 5U9GRAOE 



Figure 910-21. Cut stone pavers on asphalt base. Useful 
in urban applications where firm base is required to support ser- 
vice vehicles. 



Figure 910-22. Cut stone pavers with mortar on con- 
crete base. Typical separator strip to differentiate pedestrian 
and vehicular zones. 




20mm (VO WEARING COURSE 
WITH I Omm (3/8") DiA. AGGREGATE 
ASPHAH OH PENETRATION 
25mm (I") BASF COURSE W'lH 
ISmm (l/Z") DiA. AGGREGATE 
ASPHALT OIL PENETRATION 
lSOmm (6") AGGREGATE BASE 
150mm (6") AGGREGATE SUBBASE 



COM P/ 



SUBGRAUt 





."; !i 










II 






j 










111 



Omm 12") ASPHALT 
QNCPETE SURFACE COURSE 



- 150mm (6") 
AGGREGATE BASE , 



-PREPARED SUBGRADE 



Figure 910-23. Stone and oil penetration on aggregate 

Drives and medium duty roads use subbase for strength. 



Figure 910-24. Asphalt paving on aggregate 

Typical tor pedestrian walks and light applications. 




40mm (1 1/2") ASPHALT 
CONCRETE SURFACE COURSE 
65MM (2 1/2") ASPHALT 
CONCRETE BASE COURSE 

150mm (6") 
AGGREGATE BASE 

15Dmm (6") 
AGGREGATE SUBBASE 

PREPARED SUBGRADE 
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65mm (2 T/2") POROUS 
ASPHALT SURFACE COURSE 

-50mm (2") CRUSHED STONE 
ACCREGAJE BASE 

-200mm (a*) 
AGGREGATE SUBBASE 

-PREPARED SUBGRADE 



W) Figure 910-25. Asphalt paving on aggregate base and 
.E subbase. Heavy duty application showing subbase layer. 
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Figure 910-26. Porous asphalt paving on aggregate base. 

Used for parking areas in warm climates for infiltration of runoff. 
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I Omm (3/B") POROUS SHREDDED 
RECCLED RUBBER PAVEMENT #/ 
PROPRIETARY BINDER. PLACED 
ON GRADED CRUSHED AGGREGATE 
AS PER WANUf. SPECS 
Qmm (3") POROUS SHREDDED 
RUBBER BASE W/ PROPRIETARY 
BINDER PER MAN UF, SPECS- 
PLACE IN TWO COURSES 

m (O EVENLY GRADED 



PREPARED SUBCRADE 
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■igOiT*m i 60mm 
» 19 I/2" i 2 1/4") 
EPDM SOLO COLOR TILES 
JOINTED W/I&mm (V8"l p VC 
DOWELS. STAGGER T1LE5 FOR 
BEST ALIGNMENT 
iQOmm (A") 
ACCRECA1E BASE 

PREPARED SL.BGRAOT 



Figure 910-27. Porous rubber play surface on aggre- 
gate base. Play rated surfacing placed using special binder 
and shredded rubber. 



Figure 910-28. Resilient interlocking play surface on 
aggregate base. Doweled rubber tiles are play rated and 
placed directly on dense graded aggregate. 
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-COLOR COAT SYSTEM 
-2'jtnrr' (1") B'TUMINOUS 
CONC. LEVELING COURSi 
1 <2") BITUMINOUS 
CONC. BINDER COURSE 
- 1 OOmrn (O 
AGGREGATE BASE 

-ISOmm (6") 
AGGREGATE SUBBASE 

-PREPARED SUBCBADE 



Figure 910-29. Asphalt tennis court on aggregate base. 

Asphalt tennis court may require underdram system in some wet 
soils. 
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Edges 



1.0 INTRODUCTION 



Edge structures used in flexible pave- 
ment design serve to contain the 
pavement and prevent lateral creep. 
They also may provide additional support 
to prevent crushing due to loading at the 
edge. Rigid pavement edges are used pri- 
marily as reinforcement against edge load- 
ing. In both cases, edging may also serve to 
define a pavement and to separate two dif- 



ferent materials. Selection of proper edging 
must consider site climate and maintenance 
practices. Details illustrate flexible and rigid 
pavement edges 

1.1 General Notes 

Wood edges are temporary and require 
aggregate bases to prolong the life of the 
wood. Wood stakes securing wood edges 
will heave in clay soils and frost /thaw 



zones. Metal stakes may prevent excessive 
heaving. Edging between materials must be 
handicapped accessible in most cases. 
Concrete edging may act as a grade beam 
for flexible pavements and as a reinforce- 
ment for rigid pavements. Many precast 
units are available for edging applications. 
Care should be taken to assess material 
compatibility with regard to maintenance 
requirements and durability when joining 
two materials. 



- PAVING AS SPECIFIED 




- 150*1 50mm (6"*6") P.T 
WOOD HEADER 



FINISH GRADE 



EXTEND 150mm {6") WIN. 
PREPARED SUBGRADE 



I 59* 4 50mm (1/2"«>TB"> 
REiNF. ROD DOWELS 
1 200mm (4') O.C. 




50mm (2") CRUSHED SIONE 
COATED METAL EDGING AND STAKES 
AS PER MANUFACTURER'S SPECS 



150mm (6") DENSE AGGREGATE 
BASE, EXTEND 150mm (6") 

FRF PARED SUBGRADC 



Figure 91 1-1. Wood edge with steel pins. Extend aggregate 
beyond edge. Smaller edging may use s(ee/ stakes on t 



Figure 911-2. Aggregate paving with metal edge. 

Superior method for edging loose material when inconspicuous 
edge is required. 




- FINISH GRADE 

■ METAL FLANGE EDGE RESTRAIN* 

lODXiOOXJOOmm (4X8X12") 
COBBLESTONE WITH 3UTT JOINTS 
SET ON 25mm (l*) STONE DOST 
SETTING BED 
-CRUSHED STONE SURFACE 



- 100mm 
COURSE 



(4") AGGRFGATF BASF 



- PREPARED SUBGRADE 



Figure 911-3. Cobblestone path with metal pins. Stone edge 
rides on top of edging for secure retention. Metal is not visible. 
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-FINISH GRADE 

-"L" METAL STRIP W/SPIKES 

-BRICK PAVERS WiTH SAND OR 

STONEDUST SWEPT JOINTS 
-25mm (1") SAND OR STONEDUST 

SETTING BED 
-150mm (6"5 AGGREGATE BASE 

EXTEND 150mm (6") 

-PREPARED SUBGRADE 



Figure 911-4. Brick pavers with metal "L" edge. Brick 
setting bed rests on metal flange for even appearance. Good for 
planting edge. 
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-FINISH GRADE" 

-lOUmm (4"} CONC. PAVING 
WITH 1 50mm (6") THICKENED 
EDGE. RE'NF AS REQ'D 

- I50mm (O AGGREGATE 
IS, SJOmtn ((2') 
EXTENSION LENGTH 




FINISH GRADE 
25mm (T) RADIUS 

RUN KING TRACK PAVING 
AS SPECIFIED 

T50»300mm (6M2-) 
CONCRETE EDGE WITH 
RDNF. AS REQUIRES 
AGGREGATE BASE- EXTEND 
TSQmm (6") ALL AROUND 

PREPARED SUBCRADE 



Figure 911-S. Concrete paving with thickened edge. 

Used to protect slab edge from light service vehicle loading in 
parks and plazas. 



Figure 91 1 -6. Concrete grade beam for running track. 

Reinforced concrete track edge restraint. Aggregate needed due 
to track runoff. 




Udmrn (b") CONCRETE paving 
RE1NF AS REQUIRED 
WW.F. OOVERLAP iCQmm (12") 
SNI1H HEBAR 

SCORE JOINT JQOmm fl2") 
FROM EDGE Ot CONCRETE 



TURNED DOWN CONC. DIVIDER 
WI1H REINF. AS REQUIRED 



AGGREGATE BASE 
PREPARED SUSGRADt 
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-UNIT PAVERS ON 50mm (2") 
SAND SETTING BED 
VERTICAL BRICK PAVERS 
55mm (2 1 TTP. 
ON MORTAR SETTING BED 
50mm (I"*} WIN. ALL AROUND 

-50mm (2") AGGREGATE BASE 



Figure 911-7. Tum-down concrete edge. May also be used 
for smalt light duty curb detail for 100-150 mm (4-6 in) curbs. 



Figure 911-8. Brick paving edge on mortar setting bed. 

Bricks mortared at edge joint Mortar struck betow pavement 
base. Not used in cold zones. 




40mm it I/2") ASPHALT CONC 

SUR r ACc COuRSt 

65mm 12 U2") ASPHAM CONG 

BASE COURSE 

TAPERED EDGE 

HNISH GRADE | 4" Pl»f PIPE 



separator 



-20mm t.5/4') 
STONE 



— 100mm (4", DENSE GRADED AGG- B 
EXTEND 900nm (3-0") 

— JOUmm (121 AGGREGATE SJBBASE 
pJlCED IN I WO LinS, 

EXTEND 900mm (J'-O") 
SPARED SUBORAOC 



l/l 

■o 



Figure 91 1-9. Asphalt paving with tapered edge on clay 
soil. The same tapered edge may be used in well drained soils 
with single course base. 
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Joints 



I.O INTRODUCTION 



Pavement joints allow for expansion 
and contraction In rigid pavements or 
join two different materials, or abut- 
ting slabs. The selected details illustrate a 
range of conditions and materials. 



1.1 General Notes 

Control joints in concrete are required to 
provide controlled break points in the event 
of swelling stresses. Expansion joints are 
typically required every 7 500 mm (25 ft) to 
allow for contraction and expansion due to 
temperature fluctuations. Expansion joints 
should be sealed in cold climates to prevent 
saturation and freezing within the joint. All 



joints should be periodically cleaned and re- 
sealed. Unit pavers mortared onto slabs 
require sealed expansion joints to be 
aligned with slab joints. Metal pins and 
sleeves may be used in heavy duty concrete 
joints with care being taken to thicken the 
slab around the sleeve and pins for 
strength. Slab ends may also be keyed 
using pre-formed expansion joint fillers in 
standard slab thicknesses. 




3-5mm (1/8"-l/4") WIDE TOOLED 
01? 5AWCLFT SCORE, 1/5-1/4 Or 
SLAB THICKNESS IN DEPTH WITH 
HOUND EDGES, 5- 15mm 
(l/4"-t/2") RADIUS IF TOOLED 
100mm (4") CONC. PAVEMENT. 
REINF. A5 REQUIRED 
100mm (4") AGGREGATE BASE 

PREPARED SUBGHADE 




















r ~'~--. 























15mm [1/2") RECESSED SEALANT 
IO0LE0 CONCAVE AND TIGHT TO 
BACKER ROD 

ROLiNCEU POLYMER BACKER ROD 
W>TH ND BOND 10 SEALANT 
EXPANSION JOIN1 FILLER 
100mm (4") CONC. 



I nOmrn 



Hit KENI ■ 
I WiN. WID 



JTS. 
PES, 



TE BASE 



Figure 912-1. Concrete paving control joint. Cantiol 
joints may be scored in wet concrete, or sawn in cured concrete. 



Figure 912-2. Concrete paving expansion joint with 
thickened edge. Used when vehicular loading may require 
extra support 




15mm (1/2T WIDE EXP. JOIN' 
FILLER WITH PECESSED SEALANT 
S.S. SMOnlH 15mm (1/2*}e DOWEL 
*'H EXPANSION CAP OR SLEEVE 
M ONE END 

i;5mm (5") CONC PAVEMENT 
THICKENED AT DOWEL. 
KE'Nr AS REQ-JWEB 
■ 

PREPARED SlIBCRAOE 



Figure 912-3. Concrete paving expansion joint with 
dowel. Used to tie one slab to the next and still allow move- 
ment. May corrode in cold zones. 




EXP. JOlNI WITH SEA I ANT 
UNIT PAVERS IN MORTAL 
SETTING BED 
KEYWAY SIZE: 

1/3 OF SLAB THICKNESS IN WIDTH 
1/5 OF SLAB THICKNESS IN DEPTH 
125mm {5") CONCRETE SLA9, 
REINFORCED AS REO'D 
150mm (6") AGGREGATE SUBBASE 
PREPARED SUFIGRADE 



Figure 912-4. Keyed expansion joint in brick paving on 
concrete base. Formed with pre-molded expansion joint 
tiller. Seal toint from water infiltration. 
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15mm (1/2") WIDE EXPANSION JOINT 
W/ SEALANT MIN. 15mm (1/2") DEEP 
I OOmm (4") CONE. BASF WITH 
150mm (6") x 250mm (10") 
THICKENED EDCE. REiNF. AS REQ'U 
150mm (e"l AMiftECATE EASE 

PREPARED SUECHAM 
NEW SITE STRUCTURE 




-BJIl.tJING WALL 
-COUNTER FLASH INSET 
-tarnm ti/T) WIDE EXPANSION JOINT »TH 
SEALANT SEI AGAWST COUNTER FLASHING 

. ioomm (4"v sloped conc base win. 

RE'NF WWW « REQUIRED 
-50mm (?") SAND 5U8SA5F 



■ FA8FM: StPAMATOR 

RIGID INSULA'IOh WITH OPEN JOINTS 

fcr immx 

CHAIN MAT 

WATERPROOF MEMaRAWC W/ PROTECTION BOATO 
MFUBRANE EXPENDS TO FINISHED GRADE 
SLOPED STRUCTURAL SLAB 
1 12") MIN LAP OF UEUBKAM 



Figure 912-5. Concrete paving expansion joint with 
concrete sill at new structure. Superior method of attach- 
ing a concrete slab to avoid settlement at a building sill. 



Figure 91 2 -6. Concrete paving expansion joint at build- 
ing on structure. Expansion joint is crucial to avoid com- 
pressing membrane counter flashing. 
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Dividers 



SECTION 



1,0 INTRODUCTION 



Dividers to create visual or textural 
transitions from one paving material 
to another, or to emphasize a visual 
band in a large pavement system. 
Maintenance required for the divider 
should not adversely affect surrounding 
materials. Care should be taken to avoid 



differential settlement at junctions. The 
selected details illustrates various material 
combinations in a number of design cir- 
cumstances. 

1.1 General Notes 

Decorative bands in pavements should cre- 
ate smooth joints with surrounding materi- 



als and in most instances should be subject 
to the same accessibility standards as the 
main pavement. Avoid large differences 
between divider thickness and adjacent 
pavement thickness to allow for even sub- 
grade conditions. Rigid bands are typically 
set before flexible infill pavements. 



300-450 i . 
(12 - IS") ' 




tinish grade 

100mm (4"J CONC. PAVEMENT 
WITH ROUNDED EDGE 
RE INF. AS REQUIRED 

— 100mm (4") AGGREGATE BASE 
EXTEND 75mm {i") WIN. 
BEYOND PAVEMENT EDGE 

— PREPARED SUBGRADE 




•55mm (2 1/4") BRICK PAVERS 
ON MORTAR SETTING BED 
15mm 0/2 ) MIN-- 
?0mm (3/0 TYP 
— CUT CRANITE PAVER 
55mm (2 1/4") THICK 

- 1 00mm (4") CONC. BASE 

RE INF. WITH MESH AS REQUIRED 

- 150mm (6") AGGRECATE SUBBASE 



PREPARED SUBGRADE 



Figure 913-1. Concrete mowing strip. Concrete strips Figure 913-2. Granite band in brick paving. Gumk band 

may be tinted or textured to create neat trim for turf and gar- should be no thicker than the brick paver. If less, shim with mortar, 

den areas. 




7 TT* 



iCPING BCD W/HEOBRLHE 
SAME 5*EPt JTS. 

I") CQNCSETE BASE 



ISomi (i/2"i expansion jowr */ sealant 

CMWi CUflB W/CONC. R£INF. <W> 



AGGREGATE BASE 
AGGREGATE SUBBASE 
I'iflPAHED SuBCHADE 



Figure 913-3. Granite band at granite curb. Extend 
expansion joint to granite band and seal. If thin veneer, shim 
with mortar. 




-CONC. PAVING, RElNf. AS REQUIRED 

-55mm (2 1/4") BRICK PAVERS ON 
70mm (3/< ) MORTAR SETTING BED 

'5mm (1/?') EXPANSION JOINT, 
SEAL AS REQUIRED 



150mm [6") CONCRE T E BASE 
REINF. AS REQUIRED 

-150mm (6") AGGREGATE SUBBASE 
PREPARED SUBGRADE 



i— 

0) 
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Figure 913-4. Brick band in concrete paving. Slab requires Q 
inset to allow far modular brick on mortar bed. Light vehicular 
loading, no 
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Athletic and Game Surfaces 



SECTION 



1.0 INTRODUCTION 



Athletic and game surfaces typically 
include general field play, sanctioned 
games such as football, baseball, 
softball, and soccer, as well as specialized 
games such as lawn bowling, tennis, and 
croquet. The following details illustrate a 
sampling of reinforced natural turf and syn- 
thetic turf surfaces. All such surfaces 
require regular maintenance and grooming. 



1.1 General Notes 

All natural turf requires irrigation, and may 
be heated in cold climates for professional 
or collegiate play. Irrigation systems are 
often set within the growth horizon for 
direct root feeding. Heating tubes are com- 
monly set below the soil horizon, and with- 
in the top layer of the aggregate base. 
Synthetic turf surfaces require minimal 
slope for outdoor installations. Modern 



practice uses a monolithic resilient porous 
pad under the synthetic surface to absorb 
impacts for greater player protection and 
better internal drainage. The goal of these 
details is to provide a smooth uniform play- 
ing surface capable of supporting light ser- 
vice vehicle loading. It is common practice 
to carefully screen and amend soil to secure 
the best combination of structural bearing, 
infiltration, and capillarity. 




SOD OR SEEDED TURF 
ON SOIL. 150mm (6") 
MIN. IN DEPTH 

150nr,m (6") 
AGGREGATE BASE 

PREPARED SUBGRADE 




SEED OR SOD 

200mm (3") 80% SAND, 
20% AMENDED SOIL 
WITH FERTILIZER 

100mm (4") AGGREGATE 
BASE 

— PREPARED SUBGRADE 
100mm (4'> SUBDRAIN 



AS REQUIRED 

FABRIC SEPARATOR 
AS REQUIRED 



Figure 914-1. Came lawn on aggregate base. Fine aggre- 
gate base allows light vehicular loading. A 200 mm (8") soil 
depth is preferred 




SOD OR SEEDED TURF ON 
UGH1 WEIGHT SOIL MIX. 
1b0mm (6") hi IN, IN DE-I-. 
FABRIC SEPARATOR 
40mm (1 1/2") INVERTED 
PLASTIC CELLULAR TURFGRlD 
RIGID INSULATION WITH 
OPEN JOINTS FOR DRAINAGE 
DRAIN MAT 

WATERPROOF MEMBRANE 
WITH PROTECTION BOARD 



Figure 914-2. Natural turf athletic field. Dense grade 
aggregate base placed on a fabric separator Sand amendment 
for to drainage. 




ZOOmrn (a") L'GHT WEIGHT 

SOIL Mix W/ SEED. FERTlLIZEl 

AND AMENDMENTS 

FABRIC SEPARATOR 

3 LAYERS OF INVERTED 

PLASTIC CELLULAR 

TURF GRID UNITS 

HEAVY DUTY DRAIN MAT 

WATERPROOF MEMBRANE 

WlTf PROTECTION BOARD 

SLOPED STRUCTURAL SLAB 
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Figure 914-3. Came lawn with inverted cellular turfgrid 
on structure. A 300 mm (12") lightweight soil depth is pre- 
ferred. Requires a soil separator as shown. 



Figure 914-4. Natural turf athletic field- on structure. ^ 

Fabric separator is required. A 300 mm (12") lightweight soil 
depth is preferred. ^ 
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-POLYPROPYLENE TURF MAT 
WITH 95% SILICA SAND & 5% 
AMENDMENTS, SEEDED W/ 
TURF CRASS FOR REGION 

-250mm (10") SILICA SAND 

& 555 ORGANIC AMENDMENTS 
WITH FERTILIZER 

-OPT. HEATINC PIPES AS PER MFR. 

-100mm (4") AGGREGATE BASE 
W/5-10mm« SELECT STONE 

- PREPARED SUBGRADE 

-100mm (4")« SUBDRAIN 
AS REQUIRED 



Figure 914-5. Polypropylene reinforced athletic field, /f is inter- 
nally heated in cold climates. Subdrains placed under fabric separator 
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Curbs 



1.0 INTRODUCTION 



Pavement curbs allow road and path 
grades to be depressed and to act 
both as wheel barriers and stormwa- 
ter runoff containment edges Curbs are 
classified as vertical, sloped, mountable, or 
curb and gutter combination types. They 
range in height from 100-200 mm (4-8 in). 
Selected details illustrate a range of materi- 
als and curb configurations. 



1.1 General Notes 

Wood curbs should be used for informal or 
temporary conditions only. They require 
extended aggregate bases and periodic 
pins to secure them to the pavement base. 
Steel pins resist seasonal heaving and can 
be re-set easily. Brick and masonry curbs 
may serve as light duty curbs in pedestrian 
systems or light residential drives in warm 
climates. Stone curbs are more resistant to 



plowing and general maintenance 
Concrete curbs come in standard profiles 
and may be custom formed to provide 
ramp access. Slip form curbs in cold cli- 
mates are often placed using high strength 
concrete without reinforcing. Curb and 
gutter configurations allow for free aggre- 
gate base drainage. 
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LlCHT TRAFFIC PAVING 

150x150mm (B"x6") P.T. TIMBER JOINTED 
WITH GALVANIZED STEEL ANCHORS AND 
SHIP LAPPED AT ENDS 
FINISH GRADE 

15mme (1/2"«>) REBAR 
I 200mm (4'-0") O.C. 

AGGREGATE BASE EXTENDED 
300mm (12") 

PREPARED SUBCRADE 



Figure 915-1. Wood curb with rebar 
pins at notched joint. Informal edge or 
parking area curb stop. May also be placed 
on asphalt base course. 



} ,P Hpa= 

j>. Oh Siioi. «.~E 4 — 



1/2 OF BRICK LENGTH 
MAXIMUM 

INISH GRACE 
OVERSIZE BRICK ON 
MORTAR SETTING BED. 
SET VERTICAL 

CONCRETE BASE WITH 
REINF. AS REQUIRED 

AGGREGATE SUElBASE 
150mm (6") ALL AROUND 

PREPARED SUBGRA0E 



Figure 915-2. Vertical brick curb. Brick 
has mortar joints and requires concrete grade 
beam. Not used in cold climates. 
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PAVING AS SPECIFIED 
100xl00x200nnm (4"x4"x8") 
SPLIT FACE GRANITE CURB 
W/15mrr. (1/2") MORTAR JTS, 

25mm (1") MORTAR BED 
WITH FULL MORTAR HAUNCHES 

150x200mm (6"xB") CONC. 
BASE. RE1NF. AS REG 

AGGREGATE BASE 150mm 
(6") MIN, ALL AROUND 

PREPARED SUBCRADE 



Figure 915-3, Granite block on con- 
crete base. Sturdy curb edge used in dri- 
ves for ail climates except cold Mortar all 
joints. 



FINISH GRADE 

-100x300mm (4"xl2") CUT 
STONE CURB W/ MORTAR 
JOINTS 15mm (1/2") TYP. MIN. 



CON 
(4") 



ALL ar 



AGGREGATE BASE 150mm 
(6") WIN. ALL AROUND 

PREPARED SUBGRADE 



Figure 915-4. Vertical stone curb. 

Parking lot curb used in all climate zones. 
May be re-set if required. 




FINISH GRADE 

100x300mm (4"x12") CUT 
STONE CURB W/ MORTAR JO 1 NTS, 
15mm (1/2") TYP. MIN. 

1:3:6 MIXTURE OF DRY CONCRETE 

PACKED lOOmm (4") MIN. 

ALL AROUND 

AGGREGATE BASE 

EQUIVALENT 150mm (6") MIN 

ALL AROUND 

PREPARED SUBCRADE 



Figure 915-5. Sloped stone curb. 

Typically used in radius returns and in 
parking lots using short or long segments. 



300-450 




150 



FINISH CRADE 

CUT STONE CURB 
ON 25mm (1") TYP. MORTAR BED, 
DOWEL TO CONC. BASE FOR 
HEAVY TRAFFIC, IF REQUIRED 

CONC. BASE W/ EXPANSION JOINTS 
AND DOWELS. REINF. AS REQUIRED 



AGGREGATE SUB BASE 

150mm (6") MIN. ALL AROUND 

PREPARED SUBGRADE 



Figure 915-6. Cut 
crete base. Used to accent curb edge using 
dowel to set cut and gauged stone on con- 
crete grade beam. 
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MOUNT ABLE CONC. CURB 
WITH REINF, AS REQUIRED 



-150rnrn (6") AGGREGATE 
BASE, EXTEND 150mm (6") 

PREPARED SUBGRADE 



Figure 915-7. Mountable concrete 
curb and gutter. Formed on-site for 
smooth access to upper pavement. May 
incorporate a gutter. 
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-SLOPED CONC. CURB WITH 
REINF. AS REQUIRED 



- I50mm (6") AGGREGATE BASE 
EXTEND MIN. 1 50mm (6") 

■PREPARED SUBGRADE 



Figure 915-8. Sloped curb and gutter. 

Standard cast-in-place curb profile. Allows 
ramp access. 



PAVING AS SPECIFIED 




FINISH GRADE 



NC. 
INF. 



CURB AND Gl) 
AS REQUIRED 



T ER 



150mm 
EXTEND 



(6") 
MIN. 



AGGREGATE BASt 
300mm (12") 



FABRIC SEPARATOR 

100mm (4> PIPE SET IN 
20mm (3/4"> STONE WITH 
SEPARATOR FABRIC ALL AROUND 
PREPARED SUBGRADE 



Figure 915-9. Concrete curb and gut- 
ter with drain. Used in clay soils to pre- 
vent heaving, especially in cold zones. Pipe 
is in back of curb. 
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SECTION 



916 



Steps 



1.0 INTRODUCTION 



Steps and ramps (Section 917) allow 
vertical circulation within the site. It is 
common practice to eliminate steps 
where ever possible, especially at entrances 
to avoid dual ramp and stair construction. 
Steps should be proportioned to provide 
graceful exterior scale strides, typically at a 
flatter angle of attack than interior stairs. 
Climate and maintenance are important 



considerations in site design with regard to 
placement of steps. The selected details 
illustrate typical materials and construction 
techniques used to build steps. 

1.1 General Notes 

Ramp steps should be spaced in multiples 
of human strides, typically 675 mm (27 in) 
riser to riser. Exterior steps have shorter ris- 
ers than do interior steps, typically 125-150 
mm (5-6 in). All treads should slope 2% for 



positive drainage. Sheet runoff should not 
be allowed to cascade over steps from 
above, especially in cold climates. All 
expansion joints should be sealed to pre- 
vent moisture intrusion. Cheek walls must 
bear on frost- free soil in cold climates. 
Rigid pavement abutting top and bottom 
stairs should sit on footing sills to maintain 
alignment and finish elevation. Limit stair 
runs to multiples of eye-level for best 
human scale. 



1 50x1 50mm (fi'iS*) P.T. TIMBERS ANCHORED 
WITH I 3mm (5/8") DIA. CALV. STEEL REBAH 
DRIVFN THROUGH DRILLED HOLES IN TIMBER. 
600mm (2'-Q") O.C. 

BRICK PAVE35 W/SANO 




FABRIC SEPARATOR 
PSFPARED SUBGRADf 



Figure 916-1. Wood/stone ramp 
steps. Pins and fabric ties stabilize wood 
risers. Stone may be substituted. 




UE1AL SRACKET 

SD.JOOmm (2". 12") STRINGER. 
400mm M6 j O.C. FOR 75mm 11'} TREAD, 
600mm r?4") D.C. FOR 50mm (2") TREAD 



rMiMiiMilHlli 



- SOmmi (2"« I 
TREADS 

-MFJAl BRACKET 




IDCtnm (4") 
CONCRETE SLAB (OR 
CONCRETE FOOTING) 

AGGREGATE 5UBBA5E 



Figure 916-2. Wood steps with notched 
stringer, f langes secure stringers. Codes may 
require closed risers. 
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1 5mm { 1 /2") 
tXPANSION jOIMT 

FINISH GRADE — 



450mm % HGmm 
(16" » 5 1/2") 
TREAD/RISES TOPICAL 

CONCRETE WITH 
REINF. AS REQUIRED 




RE1NT. AS REOUIRED 
AGGREGATE S^CKFlLL 



Figure 916-3. Concrete steps with 
footing and pavement sill. Top and 

bottom footings used for long runs and to 
secure sills for pavement slabs. 




w Figure 916-4. Concrete steps with 

o cheek wall. Used to maintain grade and 

5 create formal trim to step edge, often used 

2^ with inset wash lights. 

vo 
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ISmm (1/2 - ) 
EXPANSION JOIN 



riNISH CRAIIE 



J- jJI^ 



■ 450rmn * 1 iOnim 
(IS" > 5 t/2") 
TREAO/RISER TWCAL 



concrete foo'inc - 
reinf. as required 

aggregate sackeill 




Figure 916-5. Granite steps with con- 
crete base and pavement sill. Many dif- 
ferent systems available. Seal all pints. Long 
i»p-)y* lasting surface. 



iOq L i so L 

{6") , [121 Vr 



15mm (1/5') 
EKPANSION 
JOINT 



55<nm (2 V*"l 
BRICK ON EDGE 
ON 40mm (S/O 
MORTAR BED 
-15mm {t/2") 
EXPANSION JOINT 




AGGREGATE BACKFIU 



Figure 916-6. Brick 
with footings and pavement sill. Brick 
patterns change to accommodate tread/riser 
proportions. Many patterns are possible. 
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SECTION 



917 



Ramps 



1,0 INTRODUCTION 



Ramps are regulated by statute. The 
same restrictions that apply to steps 
apply to ramps (Refer to Section 
916). Because of the necessity of entrance 
ramps, careful consideration should be 
given to site design and placement. Long 
ramps with landings should be adequately 
drained to avoid runoff accumulation at the 



lower end. Selected details illustrate various 
materials and configurations used in ramp 
construction. 

1.1 General Notes 

Conservative estimates of structural load- 
ing on ramps should be used to anticipate 
pedestrian crowding and periodic furniture 
delivery. Typically, commercial loading val- 



ues should apply. Ramp surface should pro- 
vide traction, especially in cold climates. If a 
unit paver surface is used, an interlocking 
pattern provides better results due to its 
resistance to creeping along the slope. A 
secure base grade beam or other restrain- 
ing device is recommended. Wood ramps 
should be secured to concrete footings and 
threshold blocks for longer service and 
structural integrity. 



metal .irjisr rijwicf — , 

AS REQUIRED 



BEVEL TIRST DECK 
BOARD TO W 
PAVfMENT CLEANL' 
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AS SPEC. 



Mmn- , IMJmm (2\f-; P T. WOOD DECKING ON 
P.T *O0D JOIST. SIZED ACCORDING TO LOW). 
SECURE W/5TAINLE5S STEEL FASTENERS 

P.T. JQTST 




Clocking — 
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. - XX fi SECURED 
WITH LAC BCILl 



WC. BASF 
«; RAUP fOOl SECURED 
18"). l5mnr> STEEL RE6AS 

I re; RAW 



Figure 917-1. Wood ramp with flush 
pavement. Simple informal treatment in 
warm climate and well drained soils. 



CONCRETE 

FOOTING 
(PITCHED TO 
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AGGREGATE BASE 
PRFPAflFO S'.IRr.RAOr 



Figure 917-2. Wood pedestrian ramp 
with concrete apron. Used in more for- 
mal settings and in cold climates to insure 
longer wood service. J"N» 
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15mm <l/2"5 
EXPANSION JCHK1 



20mm (3/4 - J CHAMFER 



'5mm (1/2") EXPANSION jOfcT 

W/IOmm (3/)!"] SMOOTH DOWELS 

USE iSmmitSmm (1/2M/2") SEALAM 




CONCRETE FROST WALL 
") CURB 

i2Smm (1") CONCFTE'Tf. PAVEMENT. REINf. AS REQUIRED 
100mm [«") ACGRESATE flASE 



PRFPARFD SLIBSSAL'lF 



Figure 917-3. Concrete ramp. Ramp 
showing optional frost wall if required. 
Ramp and landing length set by statute. 



vrRTICAl GRANITE CURB 



ROAI3WA1 PAVEMENT 



GRANITE CURB 
BELOW GRADE 



FLUSH GRANITE CURB 
Xom (1/2"] UP M»*. 



(2013 




MATERIAL VARIES AS 
SHOWN 3N THE 
WAWINL 



slope cuaa with Walk 



FLUSH GRANITE CURB 
SCmm (1/2") LIP MAX 



Figure 917-4. Concrete curb ramp. 

Simple transition ramp for curb access at side- 
walk and street edge. Unit pavers may abut 
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918 



Fences 



1.0 INTRODUCTION 



Fences range in height from 900-2 400 
mm (3-8 ft) and are constructed of 
wood, metal, plastics and combinations 
of each with masonry piers. Fences are char- 
acteristically composed of panels spanning 
between posts, and often contain gates and 
other associated structures. Structural design 
is determined by height and wind loads, and 
in the case of masonry pier, by soil bearing. 
The selected details illustrate a range of 
materials and applications. 



1.1 General Notes 

Simple wood fences may use direct burial 
posts which are either pressure treated or 
decay resistant wood. Long term fencing and 
commercial applications typically require con- 
crete pier footings with metal attachment 
devices to secure posts to footings. Steel may 
be attached to the posts and set in set con- 
crete, or steel may be set in concrete and 
attached to posts after the concrete cures. 
Steel may be routed into the wood for a more 
finished appearance. All exposed metal 
should be cleaned, primed, and coated prior 



to attachment All wood surfaces should be 
milled to shed water for longer service. Iron 
fences attached to masonry piers are typically 
attached to metal flanges set into the mason- 
ry piers during their construction. Footing 
depths range from 600-900 mm (2-3 ft) 
depending on wind loads and frost depth.. 
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Figure 918-1. Wood fence post-metal anchor in con- 
crete. Preferred method of attachment for long service life and 
ease of repair. 



Figure 918-2. Wood clad picket fence with concrete 
pier. Classic built-up post and wood trim. Requires periodic 
coating to retain integrity. 
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150x150mm £6X6 ) CLEAR ROT 
RESISTANT WOOD, COATED WITH 
PRESERVATIVE AND SEALED 
CHAMFER TOP AND SIDES AS 
SHOWN W/15 DECREE BEVEL. 
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TREAT ALL MORTISE AND TENION 
SURFACES 

45 DECREE BEVEL 

MILLED 50XIC0mm £2X4") 
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SCREWED TO RAIL AND POST 



SOIL BACKFILL ,F SUITABLE 
AMEND 'W/AGC. IF REOL'iRET) 



AGC, BASE IF REOWRED 



Figure 918-3. Square picket wooden fence. Requires peri- 
odic post replacement due to rotting. Note mortise and tenon 
detail for rail. 
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Figure 918-4. Wood slat fence with alternating boards. 

Screen fence with flush metal attachment to pier. Best coated 
with sprayer. 
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Figure 918-5. Wood slat fence with 
lattice. Post show concealed slotted 
attachment to pier. All moldings are milled 
to drain. 
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Figure 918-6. Stone post and rail 
fence. Institutional barrier fence provides 
long life if rails and hardware are periodi- 
cally coated. 
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200X20Qmm (8X8") GROUT FILLED 
MASONRY UNITS 



PRECAST CONC. CAP ON 15mnn (1/2™) 

mortar setting bed. dowel if req. 
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TH FULL' 
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200mm (8") CONC. FOOTING 
REINF. AS REQUIRED. BEND VERT. 
STEEL IN OPPOSITE DIRECTIONS 
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Figure 918-7 Brick fence pier with masonry core. 

Classic masonry pier and iron fence. Piers may contain electri- 
cal conduit tor lights. 
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919 



Walls 



1.0 INTRODUCTION 



^~ree standing barrier walls may vary in 
La height from 900-2 400 mm (3-8 ft). 
I They are typically constructed from 
masonry, stone, or concrete. Design is gov- 
erned by porosity and bearing capacity of 
site soils, and wind load conditions. With 
the exception of dry laid stone walls, all 
such barrier walls require footings and ten- 
sile reinforcement. Selected details illustrate 
typical applications of these walls and 
materials. 



1.1 General Notes 

Stone walls should be built of stones from 
the local region. Larger stones are typically 
laid in bottom courses. Periodic single 
course tie stones are useful for holding dry 
laid walls together, especially in cold cli- 
mates. Mortared stone walls require foot- 
ing below frost line in cold regions. Rake 
and tool all joints to avoid moisture pene- 
tration, especially at top of wall. Single 
width cap stone is preferred over small fit- 
ted pieces. Cap stone thickness is typically 



50-100 mm (2-4 in) minimum. Avoid thin 
veneer caps. Small concrete walls may not 
require a spread footing. All walls subject to 
wind loads typically require a spread foot- 
ing, with depth calculated for lateral sheer, 
or frost depth (which ever is greater). 
Masonry walls require steel reinforcing and 
fully grouted cavities, sealed with a cut cap 
stone or precast coping sloped to drain. 
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Figure 919-2. Double tier mortared 
stone wall on concrete footing. 

Mortared stone and rubble grout core set on 
concrete tooting base with cast key stone. 
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SURFACE TO DRAW 
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Figure 919-3. Poured concrete wall. 

Short walls may not require spread footing 
in well drained soils. Reinforced with steel. 
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Figure 919-4. Concrete block wall 
with stucco finish. Simple construction 
for warm climates. Steel calculated for 
wind toads. Full stucco. 
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• CONTINUOUS 200mm <8") CONC 
FOOTINC. REINF AS REQUIRED 



Figure 919-5. Two-sided brick masonry 
wall. Typically set with Flemish bond to lock 
sides. Light steel bar imbedded in grout core. 
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Figure 919-6. Two-sided brick masonry 
wall with grouted core. Brick faces tied 
with wire reinforcing. Wide wails may use 
masonry block core. 
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SECTION 



1.0 INTRODUCTION 



Retaining walls and embankment sta- 
bilizing structures are designed to 
hold back vertical cuts and steep 
embankments required by designs in slop- 
ing terrain. The principle structural systems 
employ static equilibrium achieved through 
gravitational weight (gravity walls and rip- 
rap), tensile reinforcement and friction 
(Horizontal fabric and controlled aggregate 
lifts), and a combination of steel reinforce- 
ment and weight (reinforced concrete can- 
tilevered wall). All systems are derived from 
soil mechanics of specific soil groups. Final 
proportions and dimensions are determined 
from such structural soil properties as cubic 
weight, bearing capacity, shearing or inter- 
nal friction angle, friction coefficient, and 



permeability. Soils are divided into colloidal 
and granular types for the purpose of 
design. The selected details in this section 
display examples of these common struc- 
tural systems. 

1.1 General Notes 

Embankments greater than 1:1.5 typically 
exceed the natural angle of repose of most 
soils. Bank reinforcement in such circum- 
stances usually consists of aggregates, 
stone, or masonry units of sufficient weight 
to counteract the slope's tendency to slip 
along its shearing plane. The top of slope 
should be graded to prevent sheet flow 
runoff from washing across the slope. The 
toe of slope often requires a grade beam or 
stone reinforcement to withstand the accu- 



mulated embankment surface weight. 
Vegetative reinforcement may require irri- 
gation. Dry soil plants are recommended. 
Gravity wall base is typically 0.45 to 0.60 
H, depending on soil type. Stone walls typ- 
ically require a 600 mm (2 ft) top width. 
Dry stone walls usually require no footings. 
Mortared or concrete gravity walls require 
footings below local frost depth. Most 
codes require at least a 300 mm (12 in) soil 
cover over top of footing in warm climates. 
Cantilevered walls and all rigid construction 
require weep hole and back drains to 
relieve hydrostatic pressure when applica- 
ble. Tops of walls should slope back away 
from the face to prevent staining. Some 
conditions may require an impermeable 
swale at top of wall to prevent infiltration in 
cold or colloidal soil conditions. 
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Figure 920-1. Stone retaining embank- 
ment. Stone thickness and weight are 
determined by soil pressure. Non-porous 
stone preferred. 
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t "A" 




■*-> 

CD 

o 

in 



450 



slope away 



&, AGGREGATE 

^ BACKFILL 

30f)mm (12") 




" <d PREPARED 
" " SLIBGRADE 



1ABRIC RfiNF 
W/ OPEN WEAVE 
1 00mm {*") 
PERF. DRAIN 
150mm (6") 
AGGREGATE BASE 



}F WALL = D 75H 



Figure 920-3. Dry-Laid Stone Retaining Wall. Adaptation 
for clay soils with fabric separator, aggregate base, and subdram 
locations. 



STONE 

MASONRY W/ 
1 5-20mm 
(1/2-3/4") JTS. 



AEEP HOLES — 
50mm (2") DIA. N 
PIPINC 1 800mm 
C6") O.C. 



J *%r~ JOOmm (12") MrN 





EMBED KEY STONE 
SO- 75mm [2-3") 

CONC. BASE 
TO FROSTLINE 



RASF . 11 5H 



Figure 920-4. Mortared stone gravity retaining wall. 

Cast keystone set in concrete base on prepared subgrade. Wall 
has deep- raked joints. 
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PRECAST CAPSTONE AOHESED 
TO TOP UNrr AS PER MANJF 

— 15Q»J00mm {6"»12") 
PRECAST CONC -JMITS 



XOmm (12"] AGO BACKFILL 
SOIL BACKFILL 

FABRIC REJNFOHCiMENT P-JiCED 
EVERY 4 UWtS FOR WALLS 
LESS THAN 3 000 (10'), CONSULT 
MANUF rpS TALi-CP WALLS 
IYPICALLT EXTEND 1 500-1 800 
!5'-o') BEYONO BACK OF WALl 

FABRIC SEPARATOR. IK REQ. 

IBOmm [«')» MAIN PIPE 
PlACEO ENT'RE LENGTH OF tfALl. 

OPEPASED 5UB&SADE 
IftCmm IS' i AGO. BASE 



Figure 920-5. Concrete unit retaining 

wall. Precast stack and pin system with 
fabric reinforcement in high walls. 



300 (!?") WH 0" TO FROSI 
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250 (io") CONCRETE block (C.a) 
"f OPTIONAL COPING 

100 {«") SEAL LAVER 
REWF. A5 REQUIRED 

AGGREGATE FILL 
30Q (12") WIN. 

UNDERDRAW (ALTERNATE 
TO WEEP HOLES) 



15mm (I/? - ) MIN. CL 
M (i") < 1/2S KEY 



Figure 920-9. Concrete block canti levered wall. Best in 
well drained soils. Fully grouted and reinforced, may require 
damp-proofing. 



P. 6 ll 



FIT BC 



O 

9k 




RElNF A5 REQUIRED 

AGGREGATE FILL 

!OQ (12") MIN, 

UNDERDRAW [ALTERNATE 
TO WEEP HOLES) 



(I") CL 
■ 50X100 KEY 



■ PREPARED 

-i •=,,..t,Ai:-t 



Figure 920-10. Reinforced concrete cantilevered wall. 

Stem s/rown /n front fn/rd of base. Stem may thicken at base in 
clay or surcharge loading. 
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Seatwalls 



1.0 INTRODUCTION 



Seatwalls are typically integrated into a 
design and serve multiple purposes, 
such as containing plantings, acting as 
barriers, or providing transitional level 
changes. To act as seating walls, the height 
is restricted to a range of 400-600 mm (16- 
24 in) with 450 mm (18 in) preferred. 
Material finishes should respect the design 
vocabulary and the local climate. Seatwalls 



are high maintenance elements due to the 
continuous human contact. Surfaces should 
be smooth to avoid abrasions and snagging 
of clothing. Selected details illustrate design 
expressions using a range of finish materi- 
als. 

1.1 General Notes 

Except for informal garden walls, most 
seatwalls require footings and careful back- 



filling to account for dampness and 
drainage. Top of wall may range in width 
from 400-600 mm (16-24 in), but 600 mm 
(24 in) is more accommodating to a broad- 
er population of users. Slope top of wall 
back from face to drain for better appear- 
ance and anatomical fit. Damp proof 
masonry block walls if containing irrigated 
planting areas. Provide weep holes or back 
drains in poorly drained soils. 




75mm (J*) WIN. SINGLE 
WIDTH CAP STONE. ON 
FINAl COURSE SET ON 
20mm (3/4") MORTAR 
BED. SLOPE BACK TO 
DRAIN. RAKE WALL FACE 
MORTAR JOINTS. 



PAVING A5 SPECIFIED 



'ONE. FOOTING 



£ PREPARED SUBGRADE 



Figure 921-1. Mortared stone seat- 
wall. May be laid loose with no looting, 
but use gauged ground top stone with 
mortar shims. 



lOOaTOOmm (4«4) CLEAR 
TREATED WOOD W'TH 25mr 
(1") CHAMFERED EDGES 
ANCHOR '0 FOOTING WITH 
2D«2O0mm (d/8"iB h ) 
G.S. COUNTERSINK 



PLANTING SOIL MIX 
AS SPECIFIED 



AGGREG 




,i:|.i'-ii.! 



100«.S0(]mtn (4.1!) ClEAH TREATED WOOD 
MTH TIGHT JOINTS 

I00«300mm (4«I2) ClLAK TREATED WOOD 
WITH 2Sinm (\") CHAMFERED EDGES 
20n4B0mm (5/8"»19") C.S. COUNTERSINK 
900mm (3'-0 ) D.C. AND PLUG WITH 
ROUND DOWELS 

10mm (i/S") NEOPRENE STRIP SPACER 
2O»2O0mm (5/8"»8") C S. CQUNIER5INK 
900mm O'-O") O.C. AMD PLUG WITH 
ROUND DOWELS 

■finish grade (slope awat) 



CONC. F00T1NC, REINF AS REQUIRED. 
DEPTH VARIES WITH FROSTUNE 
JOOn.m (12") VII. 



Figure 921-2. Wood veneered 
wall. Built-up seat using treated planks. Use 
shims to separate wood trorn concrete base. 
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MIX AS SPECIFIED 



IB 



(16 3/H") | 

~ SLOPE , * 

mm 



i 



L._. 



BRICK PAVERS IN ROWlOCK. 
SET WITH tOmm (3/3") 
MORTAR JOINTS 

2f^mm {1") OVERHANG 

BRICKS IN RUNNING QOND. 

SET ON 10mm (3/8") MORTAR BED. 

HOLD ONE COURSE BELOW FINISH GRADE 

FINISH GRADE (SLOPED) 



. R£W CONC. FOOTING. 
DEPTH VARIES WITH FROSTLINE 
300mm (12") MIN 
300X3QOmm (12X12*) 
CONT. CRUSHED STONE 

■ 100mm (A") DiA. PERFORATED 
PIPE CONNECT TO DRAINAGE 
SYSTFM OR OUTFALL 



Figure 921-3. Brick veneered seat- 
wall with subdrain. Classic brick veneer 
wall. May use concrete block core instead. 
Dram for poor soils. 



2"8«6") S.S DOWEL' 
ET IN NON -SHRINK 



FINISH, SET ON 
MOR'AR BED 




SOUT 



40 (1 



PLANTING SOIL MIX -fffTT= 
AS SPECIFIED LL1LF~~" 

15x150mm (3/a"> 6") - 
C.S. TREE ANCHOR BOLT 
SET IN NON -SHRINK 
GROUT (AS REQUIRED) 
WATERPROOFING SEAL — 
SEPARATOR 

FABRIC jr 
PERF DftAfN 
IF REQUIRED 
AGGREGATE 
BACKFILL 



Figure 921-4. Granite veneered seat- 
wall. Seal all mortar joints and damp 
proof back and veneer joint at soil line. 
Use channel pins. 
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PLANTING —> 

SOIL MIX 

AS SPECIFIED 
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-ceramic tile set on 



COLOR AND TINISH AS SPEC. 



-mortar bond coat as 
recommended by manufacturer 

-—finish grade (Slope away) 



REINF. CONCRETE FOOTING, 
DEPTH VARIES WITH FROSTLINE 
300mm (12") MIN, 

150mm [€") ACGREGATF BACKFILL 
- PREPARED 5UBCRAOE 



Figure 921-5. Ceramic tile seat wall. 

Restricted to warm dry climates. Provide 
concrete inset to receive tile as shown. 
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SECTION 



1.0 INTRODUCTION 



Site lighting includes accent ornamental 
lighting for plantings and buildings, 
pedestrian circulation lighting, vehicu- 
lar lighting, and large area lighting associa- 
ted with athletic events or major facilities 
and industrial plants. Site lighting requires 
organization of fixtures to create the speci- 
fied coverage and light intensities, and 
organization of conduits to avoid conflicts 
with other utility systems. Fixture designs 



are specific for glare control and illumina- 
tion pattern to comply with code restric- 
tions and should be selected accordingly. 
Low voltage systems should be used when- 
ever possible to reduce energy consump- 
tion. The following selected details illustrate 
examples from these categories. 

1.1 General Notes 

Small fixtures are typically direct burial sys- 
tems. Commercial grade fixtures are typi- 
cally mounted on a concrete pier with cast- 



in-place conduit feeds. Most conduits 
under paved surfaces require at least 600 
mm (2 ft) of soil cover. Residential wiring 
may allow direct burial in non-paved areas. 
Conduits are recommended for high quali- 
ty site work. Post and pole piers are typi- 
cally 10% of the pole height plus 600 mm 
(2 ft) in depth. Clay soils and windy sites 
may require deeper and thicker piers. In 
cold climates, all pier footings are set below 
frost line to prevent heaving and to main- 
tain plumb alignment. 




iiisiiieihi 



ion mm 
450mm 



LOUVER GUARD 
) WELL n/ S.S. SCREWS 

FINISH GRADE 



I.D. PLASTIC PIPE. 

LONG. PAINT INSIDE 



MATTE BLACK 

CAST ALUM., ADJUSTABLE WE-ATHERPTOOr 
LAMP-HOLDER WilH INVEKttD ALUM. 
STRAP YOKE 



$16/3 TYPE STANDARD 
I 500mm (5'-0") MIN 

WATERTIGHT CORD SEAL BUSHING 



DO, 
LENGTH 



GALV. CAST IRON SLrRiABLE J-BCm. 
ENCAPSULATE SPLICES AND POT 
TH{TROUCHl.r 

AGO BASE fOR DRAINAGE 
ALS WATERTIGHT CONNECTOR 

TYP. ALS CABLE, PVC JACKETED 



Figure 922-1. Up light-below grade in planting bed. 

Pre- formed casings are set on aggregate base to house water- 
proof junction and fixture. 
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350 




(T-6") 



-IT FIXTURE W/LQUVER 
SPEG'FIED 

20mm (3/4") LT.F.M. CONDUIT 
TO ALLOW 90 ° VERTICAL ROTATION 

MOUNTING PLATE 

FOUR 15x1 50mm (3/8"x6") LONG 
S.S. VANDAL RESISTANT EXP. BOLTS 
FINISH GRADE 



)mm (3/4") DIA. G.S. CONDUIT 



I #12 FLEXIBLE CABLE 
TYPE U.S.E. 

CONC. FOUNDATION, REINF. AS REO. 
20mm (3/4") CHAMFERED TOP. 
DEPTH VARIES WITH FROSTUNE 



Figure 922-2. Up light-above grade. 

Typical wall washer or up-light requires 
protection and baffle in traffic i 




MOR1ARED STONE WALL 

100mm (<T) LINTEL 
STONE SPANNING LIGHT 
WELL OPENING 



EXTERIOR SWIVEL MOUNTED 
FIXTURE AS SPECIFIED 
SECURE TO 100mm (4") 
CONC BASE AND CONDUIT 
IN WALL 



AGO. BACKFILL 
CONDUIT AS SPECIFIED 



MORTARED STONE FOOTING 
ON ACG. BASE 



Figure 922-3. Wall wash light set in 
stone wall. Stone wall used to conceal 
an architectural wall wash tight and protect 
unit from traffic. 
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ROUT POST 10 RECEIVE 
JUNCTION BOX 



LIGHT FIXTURE 
AS SPECIFIED 

CONDUIT SET INTO POST, 
COVERED WITH WOOD STRIP 

2Q0X2QOmrr (B"x8") 
PRESSURE- TREATED 
WOOD POST WITH 20mm 
(3/4") CHAMFERED TOP 

FINISH GRADE 



compact™ subgrade 



CONC. COLLAR FOOTING. 
DEPTH VARIES WITH 
FROSTLINE 



Figure 922-4. Wood bollard light. Direct 
burial common, concrete collar may be 
placed at base, below conduit. Post is routed. 



+50 




150 

'JIN 



(12-) 



200mm {B") DM. EXTRUDED 
ALUMINUM BOLLARD KfttH 
FINISH SPECinfD 



300 (12") CM. CONC- 
FOOIINC REINF. AS HL"0 
WITH 20mm (J/**) 
CHAMFERED TOP, DEPTH 
VARIES WITH FROSTLINE 
FINISH GRADE 
SACKMLL soil 



-FOUR ID»450mm {l/&~*\8") 
G.S. ANCHOR BOLTS WITH 
NUTS AND WASHER 



-RIGID CONDUIT AS 
RECOMMENDED Br 
CHE MANUFACTURER 



•jd COM 

PREPARED 5UBCRA0E 




LUMINAIRE and frame 
AS SPECIFIED 



SCULPTED GRANITE 
LIGHT STAND 



25mm (1") DIA, WEEP FOR 
CONDUIT PENETRATION 



FOUR 150x450mm 
(l/2"0xT8") S.S. DOWELS 

MASTIC SETTING BED 

FINISH C-RAOE 



20mm (J/4") DIA- P -V-C 
CONDUIT 



150mm (6') AGC BACKFILL 

REINF CONC. FOUNDATION. 
DEPTH VARIES WITH 
FROSTLINE 



■ PREPARED SUB GRADE 



330 



(12 ) 



450 



(18") 



(12") 



Figure 922-5. Metal bollard light. Requires concrete pier 
footing with attachment bolt plate as per manufacturer. 



Figure 922-6. Light standard with sculptured granite 
stand. Carved granite stand pinned to concrete pier and set 
with epoxy mastic and sealed. 
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LIGHT FIXTURE AS SPECIFIED 



GRANITE L'CHT BA5E ON 
JSrrun (1") UOnrsH BED 

FOUR I5x.l00mm (1/2M2") 

s.s. dowels 
runs* crwnr 



PRECAST CONC. FOUNDATION 
□N 25mm (11 MORTAR BED 

LT. weight Fill 

- 50mm (7*) SAND BASE 

- 20mm IS/*") DIA. P.V.C. CONDUIT 
FABRIC SEPARATOR 
RIGID INSULATION 
DRAW MAT 

WATERPROOF MEUBSANE ON 
PROTECTION BOARD 

SLOPED STRUCTURAL 
SLAB (OPTIONAL) 



Figure 922-7. Granite stand area 
light-on structure. Lightweight con- 
crete or masonry base mortared onto drain 
mat. Fixture doweled to base. 
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OS 




ACRYLIC PLA5TIC GLOBE AND 
CAST ALUMINUM HOLDER AS 
SPECIFIED. 



CAST IRON LAMP POST 
AND BASE AS SPECIFIED 
-ANCHOR TO CONCRETE 
FOUNDATION 



FINISH CRADE 



25rnm (1 ") DIA. PVC CONDUIT 
FOUR 20x' 50x900™ m (5/8"x6"x3'-0") 
G.S. ANCHOR BOLTS WITH NUTS AND 
WASHERS 

150 f63 AGG. BACKFILL IF REO. 
REINF CONC. FOUNDATION, 
I 050 (3'-6") MIN. OR TO FROST DEPTH 
15 x 2 400mm (1/2"*8'-0") 
COPPERRWELD GROUND ROD -- 
CONNECT TO GROUND LUG IN POLE 
WITH §5 COPPER WIRE 

PREPARED SUSCRADE 



Figure 922-8. Historic walkway tight. 

Cast iron or polymer pole is bolted to con- 
crete pier containing conduit and connec- 
tion box. 
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]yp. LIGHT POLE 
150-200mm (6-8> 
FINISH AS SPECIFIED 
6m (20'-0") HIGH 

CAST IN PLACE MOUNTING AND 
LEVELING BOLT JIG AS PER MANUF. 



750mm (2'-6"> CONC. PIER 
CAST IN PRE- MOLDED FORM 
AS PFR MANUF. 



PAVEMENT AS SPECIFIED 

PVC CONDUIT AS REQ. 
ACG. BACKFILL 



RE'NF. CONC. FOUNDATION, 
DEPTH VARIES WITH POLE 
HEIGHT, AND SOIL BEARING 

PREPARED SUBGRADE 



Figure 922-9. Vehicular light with raised 
footing. Heavy duty pier for use in parking 
lots to protect fixture pole from damage. 
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SECTION 



1.0 INTRODUCTION 



Planting typically encompasses large, 
medium, and small trees, shrubs, 
ground covers, grasses and turf, 
herbaceous perennials, bulbs, corms, and 
annuals. American practices are guided by 
the American Nurseryman's Association 
Standards with regard to plant material 
sizes and planting procedures The planting 
details presented in this section refer to 
selected large trees and shrubs. 



1.1 General Notes 

Successful tree planting begins with healthy 
plant material which has been protected 
from transportation stress. Tree pits should 
be at least twice the size of the container or 
tree ball, but three to four times the diam- 
eter is recommended where space permits. 
Large trees should be placed directly on 
prepared subgrade at the tree pit center to 
avoid settlement. Inorganic containers and 
wrappings should be removed, while the 
top third of cloth wraps should be cleanly 
cut and removed before back tilling. Backfill 
soil should be screened and prepared to 



specification as per species requirements, 
and placed in controlled 150 mm (6 in) lifts 
to avoid air pockets and to anchor the root- 
ball to prevent lateral shifting. Palms may 
require water jet saturation for proper seat- 
ing. It is common practice to place the root 
crown level with, or slightly above finish 
grade. In all cases except pavement plant- 
ings, a tamped soil saucer rim should be 
formed around the tree pit surface to retain 
water. Mulching is recommended for low- 
ering root temperature and preventing 
evaporation. Staking and guying are only 
recommended for windy sites. Trunk wrap- 
ping is not generally recommended. 




"Tin;: ' 



2.5 X BAIL D1A UIN. | 



RUBBER HOSE AT BARK 

CUT WIRES (3>, WHITE fLAC ON EACH IC INCREASE 
VISIBILITY. 

TURNBUCKLE (.!), GALVANIZED OR OIF- PAW I ED 
SET TREE At aRK'UAL GRADE 

MULCH: PINE BAHK OR WOOD CH'PS 80"im \S~) UIN. 
SOIL SAUCER' USE PREPARED SOIL 150mm (6') UIN. 
WOOD MADMEN [3) 

ROPES AT TOP Or BALL SHALL BE CUT. REMOVE 

I OP '/i OF BUHJP NON-Bl00£CBADABLE MATCH AL 

SHALL BE TOTALLY REMOVED 

PREPARED SUBSOIL TO EQRM PEDESTAL TO PREVENT 



Figure 923-1. Deciduous tree planting. 

Large tree staked and guyed for windy site. 



WD 



C 

ft) 



Q- 

m 

CM 



Time-Saver Standards for Landscape Architecture 



923-2 




RUBBER HOSE AT BARK 

GUY WIRES (3), WHITE FLAG ON EACH TO INCREASE 
VISIBILITY. AVOID TIGHT GUY WIRES AS THEY 
PREVENT NATURAL SWAr 



FURNBUCKIE 



GALVANIZED OR DIP-PAItlTED 
SYSTEM TO HE AT LINE 



I.QRNER OF I 
OF ORIGINAL GRADE 
MULCH: PINE BARK OR WOOD CHIPS 75mm (3") MlN, 

FIRMLY FORMED SAUCER (USE TOPSOIL) 
ANGLE OF REPOSE VARIES WITH STEEPNESS 
OF SLOPE AND SOIL TYPE. 
WOOD STAKES [3) 

RGPES AT TOP OF BALL SHALL BE CUT, REMOVE 
TOP 1/3 OF BURLAP. NON- BIODEGRADABLE MAlERiAl 
SHALL BE TOTALLY REMOVED 

PREPARED SUBSOIL TO FORM PEDESTAL TO PREVENT 
SETTLING 



923-2. Deciduous tree planting on slope. Set ball height at slope plane, and build large saucer with tamped earth. Guy if windy. 



SOIL SEPARATOR 



FILTER MATERIAL 

100mm (*") 

PERFORATED PIPE 
WHERE APPLICABLE. 
PERFORATIONS LAID 
DOWN UNDER DRAIN 




AT BARK 



GUY WIRES (J). WHI1E FLAG ON EACH TO INCREASE 
VISIBILITY. AVOID TIGHT GUY WIRES AS THEY 
PREVENT NATURAL SWAY 

Tu»NBUCKL£ (3), GALVANIZED OR DIP-PAINTED 
SET TREE AT ORIGINAL GRADE 

MULCH; PINE BARK OR WOOD CHIPS 75mm (3") MlN. 
50IL SAUCER: USE PREPARED TOPSOIL 15Qmm (6") MlN. 
WOOD STAKES (3) 



3F BALL SHALL BE CUT. REMOVE 
RLAP. NON-BIODEGRADABLE MATERIAL 
11 REMOVED 
:*URE BACKFILL 
FWEFAfiED SUBSOIL TO FORM PEDESTAL TO PREVENT 
SETTLING 



lALI BF 
F^EPARED 



Figure 923-3. Deciduous tree planting with subdrain. Set subdram at edge of tree pit Used for wet soils or excavated stratified rock. 
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RUBBER HOSE ON EACH MAJOR STEM. ALL 
MAJOR STEMS SHOULD BE WIRED TOGETHER. 

SCT TREE AT ORIGINAL GRADE 

MULCH: PINE BARK OR WOOD CHIPS 75mm (3") WIN. 
SOU SAUCER: USE PREPARED TOPSOIL 150mm (6"! MIN. 

WOOD STAKES (3) IN FIRM SOIL 

ROPES AT TOP OF BALL SHALL BE CUT. REMOVE 
TOP 1/3 OF BURLAP. NON- BIODEGRADABLE MATERIAL 
SHALL BE TOTALLY REMOVED 



PREPARED ADMIXTURE BACKFILL 
PREPARED SUBCRADE PEDESTAL 



Figure 923-4. Multi-stem tree planting for windy sites. Guy internal stems to limit branch movement on windy sites. 




(12") 



RUBBER HOSE AROUND WIRE AT TREE 

LOCATE ANCHOR STAKE *50mm(18") AWAY FROM TREE TRUNK 

ON SIDE OF PREVAILING W1N0. T-RAIL 'RON STAKE OR ACCEPTABLE 

WOODEN SUBSTITUTE. ANCHOR FIRMLY. 



CROWN OF ROOT BALL SHALL BEAR SAME RELATION 

(OR SLIGHTLY ABOVE) TO FINISHED GRADE AS IT 

BORE TO PREVIOUS GRADE. PLACE ON SUBGRAOE PEDESTAL 

PINE BARK MULCH 75mm (J") MIN. 

CREATE SOIL SAUCER With TOPSOiL T50mm (6") MIN. 



FOLD DOWN OR CUT AND REMOVE TOP 1/3 OF BURLAP 
IF NON- BIODEGRADABLE WRAP IS USED. REMOVE TOTALLY. 

TOPSOIL MIX OR CLEAN SUBSOIL BACKFILL 
PFRPARED SUBSOIL PEDESTAL 



Figure 923-5. Coniferous tree planting. Use single stake for prevailing winds, or three stakes for swirling winds. 
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RADIAl ?5xi00mn 
(T.12") FILTER 

FABRIC COVERED 

DRAIN MAT 
UNDER PAVEMENT 



tree r*jH» 



RADIAL 2E»J0Ditiiti 
I". 1 2") "II.TER 
FABRIC COVERED 
URAlh MA- 
UNDER PAVEMENT 




3DtOBAO*BuE 
MTIRE WRAP. 
.AP, CUT OFEN 



it "A RAT OP TO 
GROWTH 

II ROOt BALL 
FLAST1C OP M 
MATERIAL. REM 
|F WRAPPED If 
AT LEAST 1/3 
PREPARED SUKOiL '0 FORM 
PEDESTAL TO PREVENT SETTLING 

Ai» AND WATER INTEGRATION PIPE 
FOR URBAN CONDITION. 50-IOOrnm 
'2"-4"J PERF TrP 



or tc 



BALL OIA M 'J 



Figure 923-6. Deciduous tree planting in unit pavement. 

connect other trees. 



Drain mat trenches radiate from tree pit. Aeration and feeder pipes 



ALT, ISO- 200mm - 
(6 -8 | DIA. PIERS 
FDR SLAB BEARING 
A5 REQL'IRED 




TRUNK 



MULCH 50mir. (2"> MAX TQ BOTTOM 
J* TREE GRATE, USE FINE GRAVEL 

HON-BIOOEDRADABLE 'ABKIC 
SEPARATOR TO PREVENT WEED 
GROWTH 

If ROOT BALL IS WRAPPED IN 
PLASTIC OR NCN- BIODEGRADABLE 
MATERIAL REMOVE ENTiRE WRAP 



PREPARED SUBSOIL TO rORM 
PEDESTAL TO PREVENT SfltlJIW 

AIR AND WATER INFILTWATICN PIPE 
FQR URBAN CONDITION, 50-100mrr 
(2"-«H PER? TYP 

TREE P|T is the .-ull SI2C Of 
GRATE CIPSNNC 



2a oal, dm. win. 



Figure 923-7. Deciduous tree in suspended pavement with metal grate. 

and feeder pipes connect to other trees. 



Suspended pavement on concrete piers. Aeration 
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concrete planter 

counter flashing over 
reglet and insulation 
pjgid insulation (0(< exp 
fabric separator 



hoot BALI 

■H WEIGHT SOIL MIX 
mm (i'-C") MIN. DCF'T-i 
in (2") SAND 

AVERS Or INVERTED PLASTIC 
WEAR TURF ©5 IK OK 
Art DUTY DRAIN MA 
ERPROOF MEUBRANF WITH 

'ROTECTION BOARD 

'LAMTEH STRAINER DRAIN 
OCATED AT EDGE OF BOX 



STRUCTURAL OFXK 



Figure 923-8. Deciduous tree in planter on structure. Planting medium and tree ball rests on inverted plastic turf grids. Drain 
at edge of planter. 




FOR RARE ROOT, FIELD OUC OR BALL ft BURLAP SPECIMENS: 
FRONDS SHALL REMAN IIEL'I FOR 3 MONTHS AFTER PLANTING. 
FOR CONTAINER CHOWN TREES: 

SHIPPING FROND TIES MAY BE REMOVED AFTER INSTALLATION. 
TIES SHALL St ORGANIC WINE ONLr 



SET trunk VERTICAL. PLUMB 



2 1/2 TIMES WIDTH Of ROOT f 
CLEARANCE AROUND ROOTBAU- 



DDrnin (I J") MIN. 



"BREATHER* TUBES UK "AIR STACKS": 

75mm [3") D1A PtRT DRAIN PIPE BACKF'llEC WU« 

GRAIN ROCK MAI BE REQUIRED. 

150«J00nvn (6"«12") CONC. PAV'NG EDGE 

UNIT PAVERS AS SPECIFIED 



BACKFILL SHALL BE SA L T FREE Vr ASHED RIVER SAND 

All BACKFILL SiALL BE WATER- JETTED >OR FIRM COMPACTION 



3O0mir. (12") MlN PREPARED BACKFILL Mix (SAND) 



— iDOmrr. ;a1 AGGREGATE DRA'N COURSE 



1 00- 150mm (a"-6*> DIA . lZOOmffl (A'-t : ) DCCF 
DRAINAGE SJMP- fMCWtl WUH DRAINAGE ROCK OB GRAVEL 
PERFORATED DRAIN PIPE iS OFTlQNAL, 



Figure 923-9. Palm tree planting in paving. Amended backfill is hydro-slurned into pit Pedestal supports tree prior to backfilling 
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THIN BRANCHES BY 1/3 RETAINING NORMAL 
PI ANT SHAPE 



HARK MULCH SOtift> (3") WIN. 

CREATE SAUClP WITH TOPSOIL "SOmm (6*) MIN. 

ROPES AT TOP OF BALL SHALL BE CUT, REMOVE 
TOP 1/3 OF BURLAP, NON- BIODEGRADABLE 
MATERIAL SHALL BE TOTALLY REMOVED. 
GENTLY COMPACTED TOPSOIL MIXTURE 



■ TAMPED ADMIXTURE BACKFILL 



Figure 923-10. Shrub planting-ball and burlap. Tamp mound at hole base to support ball. Soak generously to compact and 
settle. 




t£> Figure 923-11. Shrub planting on slope- ball and burlap. Place root crown at slope plane. Tamp saucer rim and add mulch 
.S to contain water. 

C 

m 
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Drains 



1,0 INTRODUCTION 



Site drains receive water at low points 
for infiltration, diversion, or disposal to 
site outfalls. Drain inlets should be 
durable and appropriate for the climate 
zone. Infiltration devices should only be 
used in sufficiently porous soils Long term 
care requires periodic cleaning and sealing 
of joints and re-setting of grates and finish 
pavements or turf grades due to settlement 



or silting. Selected details illustrate a range 
of drain types for various applications. 

1.1 General Notes 

Locate drains at the edge of use areas. 
Drain pavements onto turf areas before 
collecting if possible. Avoid discharging 
sheet flow runoff from turf areas onto 
pavements to avoid silting and staining, 
especially in freeze/thaw regions. Allow 
750 mm (2 ft-6 in) soil cover over pipes 



subject to vehicular loading. Set inlet foot- 
ings below frost in cold regions. Plastic 
grates and frames should be confined to 
turf areas in cold regions. Warm regions 
may set drain pipes at shallow depths, but 
care should be taken to guard against 
crushing in pedestrian walking zones. 
When joining a small pipe to a large pipe, 
the crown of the small pipe can be set no 
lower than the crown of the large discharge 
pipe within a basin. 




CENTER OF TRENCH ORAIN 
SHAlL BE CEHTEHLINF OF SWALE 

isnmm (6") AMENDED TQPSOIL 
50mm {2") SANO BASE 

FABRIC 5FPARAT0R 

lining ran enure trench 

OVERLAP 300mm fli"*) MW 
AT TOP Or TRENCH 



- WASHED STONE 
ACCRECATE 

15-JOrtim <1/2"-3/4> 



PERFORATED 1 00mm {4") 
WRAPPED SVC PIPE 



PREPARED SUBGRADE 



Figure 924-1 . Perforated pipe curtain 
drain. For infiltration and for draining 
moist soils. Sand filter required for fine 
soils. 



30 

(1 1/4") 



TV'- 




□ IIHlBIF 



- PLASTiC CASt IN PLACE MICRO DRAIN 
CHANNEL AT CONC PAVCWEN1 JOINT 
llM 1 00mm (4") SLAB. CONNECT TO 
40mm (1 1/2 )• "SCHEDULE 40" 
□ RAiN PIPE 

tOOmm (4") CONC PAVEMENT 
AS SPECIFIED REINF. AS flEO'D 



■ 100mm (4") SAND BASE 



PREPARED SUBGRADE 



Figure 924-2. Polymer pavement 
strip drain. Various sizes for cast slab 
applications available. Warm climates 
only. 



(A 

D 
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-TYPICAL CAST IRON CWIi SECT ON 

■ 




3 B HIHiHn3li=jJJ=lLE 



CAST IRON SECTIONAL CRATE 



ISmrr- EXPANSION jOHr 

WTTH SEAL IF RIGID PAVEMENT 

POltMEB CONCRETE TRENCH DRAIN 
AS5IUHLH) IN THE HELD AS -E" 
WANUT. SPECS CAST IN UlN IflOfl 

roNC. couaR 

END OB BCTOI DrSr.Htsr.E 



100mm !**> CONC. COUAR 
Ml AROUND 

100mm (O ASCfitCATE BACKFILL 



PPfFASEP SuBGBADF 



Figure 924-3. Polymer trench drain 
in concrete. Segments lock together. 
Various grate types available. Warm to 
temperate zones. 



300mm « (12") GRATE 



CAP PIPE AT 
ALL ENDS OF 
P'PE RUNS 



AREA D 
WITH 




flush 



(4X2X2) 
"jLLAR/SLAt 



COMPACTED BACKFILL 

150mm (ft*) DW. STRAIGHT 
WITH BOX 

150mm (6") DIA. */8 BEKC 
CONC. ANCHOR BLOCK 

6ao«6oa«6O0 (Txrxz') min. 

AIU> lii'ii.n, rt 



PREPARED SUBGRADE 



Figure 924-4. Small area drain. 

Inexpensive grate and frame attached to 
pipe riser set in concrete collar. (Plastic and 
metal.) 



in 

IN 
0\ 




300«3Q0»2Smm ( 12"x t2"« 1" 



300*300tnm {12"«'?") PtAS'lC 
iNLET BOX WITH EXTENSION 
UNITS TO VAPY DEPTH 

FACTORY FURNISHED DRA.N PIPE 
CONNECTOR RING KUNlGE WITH 
75- 200mm (3"-B") * ADAPTORS 

100mm (4") AGGREGATE (ILL 
PREPARED SUBGRADE 



Figure 924-5. 
turf area. Plastic inlets have modular 
depth rings and cleanout sumps. Warm to 
temperate zones. 
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j 300 




] (12") 






JOOnnm [12") CAST IRON GRATE" AND r RAMl 
RESTING IN PREFORMED PFE BELL AS PER 
MANUFACTURER 



ADD SECTIONS FOR GREATER DEPTH 
1 DO- 1 50mm [*"-6") AGGREGATE BACKFILL 

CUT PIPE HOLE IN HELD AND PLACE PIPE 
WITH MORTAR TD SEAL OPENING 

PSECAST CONCRETE TOOTING ON 



Figure 924-6. Precast concrete pipe 
drain inlet. Standard pipe and grate units 
set on precast wedges for stability. Drain 
hole cut on-site. 




Figure 924-7. Concrete masonry 
drain inlet. Concrete block or brick walls 
with standard frame and grate. Footing 
required. 




60Gnm (2'- 0")« LAST IRON GPA1F. 
WITW FRAUF. UCWTAB all. AROUND 
10 BUCK WiONH» SHIMS 



1200mm (t'-0> PPECAST CONC 
PERF DRAIN BASIN 

PREFORMED LEACHING HOLES 
AS PEP. MANUFACTURER 

MOmm (t?"> CIFAN DdAINAOE 
STONE ALL AROUND 

SEPARATOR 'ASPIC ALL ABOUND 



OPTIONAL 300mrr. (I2> 0PEN1NO 
F1LLFD */ STONf. <VO« 



JOOmm IB") EONC. BASl 
PREPARED SUBGRARE. 



Figure 924-8. Precast concrete infil- 
tration basin. Precast stormwater infil- 
tration basin. Requires well drained soils 
and fabric separator. 
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Figure 924-9. Precast concrete catch 
basin at curb. Many standard shapes and 
sizes available for storm and sanitary sewer 
work. 



1 r ^ 


y\ ii - 






loooccoo 
iXiX»" ■;■ 
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-ALL-LEVEL DRAIN 
-CAVERS AS SPECIFIED 

-50mm (2") SftND BASE 
-DRAIN MAT 

-PROTECTION BOARD WITH 
WATEPPRQOF MEM9RANE 
-STRUCTURAL SLAB 



Figure 924-10. Surface drain on 
structure. Typical roof drain fitted to 
accommodate pedestrian pavement in roof 
garden setting. 
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Swales 



1.0 INTRODUCTION 



Drainage swales vary in design by lin- 
ing type, cross section shape, vol- 
ume, and velocity potential. It is a 
general practice to create broad low veloc- 
ity swales with high infiltration capacity to 
reduce over-all runoff volume when ever 
possible. Some swales serve as channels to 
deposit large volumes of water into deten- 
tion or retention ponds and require imper- 
meable or erosion resistant linings. The 
details selected illustrate heavy duty appli- 



cations using various lining and cross sec- 
tion strategies. 

1.1 General Notes 

A parabolic turf swale is ideal for achieving 
low velocity moderate volume runoff 
capacity. Generally, a swale velocity of a 
given slope, for a given volume may be 
reduced by broadening its cross section and 
reducing its full flowing depth. High veloc- 
ity swales require durable lining to with- 
stand the scouring potential of moving 



water. Deposition of fines occur at about 
.75 m/sec (2.5 ft/sec), and severe scouring 
of structural linings can occur at 3-4.5 
m/sec (10-15 ft/sec). Maintain swale 
velocity approaching an outfall to prevent 
silt deposition. Infiltration swales usually 
require a fabric separator under stone to 
prevent upward migration of fines into the 
water stream when at full capacity. Fiber 
matting, hydro-seeding, or sodding help to 
hold the swale channel while seeding ger- 
minates. 



S 100-IKImm 



SWALE BOTTOM 
AS SPFCIREO 




TVPICW 300mm (1?"}» COIR 
riBER LOG VARIES JOO-45Qmm 
(12"- 16*) » 

50x50.900mm (2"x2"«i'-Cj") 
WOOOKN S1AKES 1H ROUGH COIR 
LOG NETTING AND SECURED 
WITH TWINE 1000mm (J'-*"J 
0.C ON CHANNEL SIDE AND 
3000m-n (It)'"!)") Q.C ON 
BANK SIDE 



Figure 925-1. Swale with fiber-tog 
channel edge. Swale channel requires 
permanent pool level to support initial 
plant growth in fiber log. 




fillip 



■ join aonoi* 5wali mats usthc ackbec^ic 
check slots */ ?rjo-J5rjmm rjr-io : cr-JtfutP 

PLACf «mm M") MAT OH FlOTTfJtf W 

5WU AND STAPLl «F.QU<R£Cl 

■ FrRHlKR *HC UL£> ANDtU TO StWlF VHi 
SbWACE PW TO MAT PLACr.UI.M 



, -T i 



"ill— iiF=9 li— rii=m— m=i I m i 



Tl-lll 



*nu drape uvtp sinrs 

U«m.«P IWmm (IS-> 
A1 5WALC BOTTOM 

- PPFPARm faiBT.PAiTC 



i/i 

V 

: — : — « 

Figure 925-2. Fiber-mat swale reinfore- g 
ing. Used to highly erodable soils to protect t/i 
swale banks during seed germination. ^ 
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i 




■ 

PftEPAREO SUBGRADE 



Figure 925-3. Concrete cellular turfgrid swale. Used for heavy runoff and infiltration strategies. Requires well drained soils. 




iili=i:l^| 



SURFACE NETTING 

25mm (1"] FIBER WAT STAPLED "0 PREPARED 
SOIL EMBANKMENT OVER FERT. AND SEED- 
OVERLAP EDGES tSOrrm (6") MIN, HORIZONTALLY 
50mm (2") MIN. PERPENDICULAR TO BANK CONTOURS 

■ 

I — AGGREGATE CHANNEL FLOOR WITH VARlE' 
10D-1 DOrcr 



l|!=|ll=|||— |lt= 

I 2U0 - t 600 




■ 

- 

■ PREPARED SUBGRADE 



Si Figure 925-4. Fiber mat swale bank reinforcing. Heavy duty infiltration swale for high volume runoff applications. 
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4?jOmn-. (IS") DEEP 
MACHINE SPREAD OR 
DUMPED STONE RlP RAP 



r — FINISHED GRADE. 




Figure 925-5. Stone rip-rap swale. Primary discharge infiltration swale used to disperse pipe flow into channels or forest edge. 



150mm (6") LAYER 
OF STONE 

100x200mm (VxB") 
STONE EDGE. OPTIONAL 




8* o, |_ 



mmmm 



■ 20mm (3/4 )« 
100mm (4") 
AGGREGATE BASE 

SEPARATOR FABRIC ALL 
AROUND AND OVER PIPE 



50m m ( 4 I 
PERT. DWAiN PIPE 



100- 



- PREPARED "DEGRADE 



Figure 925-6. Stone lined swale with perforated drain. Decorative infiltration swale with maintenance edges for mowing 
and containment. 
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1 200 - 1 BOO (4" -6') 
VARIES 




75-tOOrrim (3"— 4") 
MORTAR SETTING BED 
100mm (4") 
AGGREGATE BASE 

PREPARED SUBGRADE 



Figure 925-7. Mortared stone parabolic swale. Typical steep gutter at edge of site road swale designed lor short distances 
and low volume. 



TYPICAL MORTARED STONE EDGE ON 
25mm (1") MORTAR BED 

15mm (1/2") THICK EINI5H STUCCO COAT 
WITH LIQUID SEALANT TCP COAT 
100mm (-!") THICK GUNITE WITH REfdAR 
A5 REQUIRED 




150mm (6") AT COVE 



' PREPAFED SUBGRADE 



£ Figure 925-8. Gunite 

1 
in 



channel. Often used to carry discharge to a pond, or as an ornamental channel. 



Time-Saver Standards lor Landscape Architecture 



SECTION 



926 



Pools 



1.0 INTRODUCTION 



*ools typically require full filtration and 
ImJ circulatory systems to regulate partic- 
I ulate matter, pH, temperature, algae, 
and bacterial organisms. Pools may accom- 
modate swimming, may be ornamental, or 
may support aquatic life. In each case they 
must be of water proof construction and be 
adapted to the local climate and soils. All 
types require provisions for periodic drain- 
ing, cleaning, and sealing or coating to 
maintain structural integrity, appearance, 
and operation. 



1.1 General Notes 

Flexible liners may be used on-grade for 
temporary installations using submersible 
pumps and exposed pipes to protect the 
liner integrity. Stones placed on liners must 
rest on a drain mat or sand cushion . Heavy 
stones may require a sand base beneath the 
liner as well. Custom built liners may be 
used in conjunction with rigid structures to 
allow for circulation intake and drain hard- 
ware to be bonded on-site. Rigid construc- 
tion requires provision for draining of 
aggregate base to relieve hydro-static soil 



pressure, especially during seasonal draw- 
down or cleaning periods. Footings must 
extend to undisturbed earth or below frost 
lines. If placed in segments, all joints must 
be fully keyed and gasketted. All reinforc- 
ing steel must be covered with at least 50 
mm (2 in) of concrete. Waterlines are usu- 
ally vertical surfaces finished with tile or 
polished stone for ease of cleaning. 




COPING SET WITH MORTAR 

COUNTER FLASHING OVER NON -CORROSIVE 
METAL PRESSURE STRIP SECURE!} WITH 
NON-CORROSIVE FASTENERS TO 
MASONRY WALL 



EPDM GLUED M TOP OF BLOCK WALL 
MOmm (8") CONC. MASONRY WALL 
V CRQUTEO CORES AND RFJNF. BARS 
AS REQUIRED 

EPDM POND LINER ON BUILDING FELT 
CUSHION 



CONCRETE FOOTING 



PREPARED SUECRAOE 



Figure 926-1. Concrete masonry gar- 
den pool. Grouted reinforced concrete 
block walls. Membrane glued to top of 
wall at pressure bar. 
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600 



STONE COPINC ON 20mm (3/*") 
MORTAR SETTING BED 

joomm concrete mmu 

KEYED 10 CONCRETE BASE AND 
REINF. AS REQUIRED 
5* ! 50mm <t/4"«6") TILE OS 
SLATE CENTERED ON WATERLINE 



5mm (1/4") PIGMENTED 
MICH STRENGTH STUCCO WITH 
WATERPROOF COATING 

AGGREGATE BACHFIU. 

CONTINUOUS WATERSTOP GASKET 
AT PERIMETER 



100mm (4") AGGREGATE SUH8ASF 
PREPARED SUBCRADE 



Figure 926-2, Concrete garden pool. 

Connect wall and base with water stop 
gasket. Footing is set below frost line. 




ilL'T STONE COPING ON "imtri 
(1/7") MORTAH SETTING BED 

TYPICAL PLASTIC POOL SUMMEl* 
•JTAKE 5E1 AT WATERLII.- 



SLATE SET AT WATERLINE W /MORTAR 
SEAL W/WATERPROOFING 

POOL WAU REINF. AS REQUIRED 

BRAIN MAI UNDER AU. 
HAND-PLACED STONES 



EDH" 



PREPARED SUBCRADE 



Figure 926-3. Gunite concrete gar- 
den pool. Gunite is placed on hand 
shaped aggregate base shelves to receive 
plant boxes and stones. 




POOL DECK FAVEUtNT *ll> SEALED 
EXPANSION JOINT A! COPING 

MOHTAfi SETT INC BED 
SET *l tV»TEBLINE 



5mn (1/A") -III Dfl 
A'ATEPUNL WITH MOflTAJi 
AATIR PECIRCL-ATING JET 
MOmrn (13") SUNITE CONCRETE 
B 0OI WALL REINF WITH RCBAH 
AS REQUIRED 



Figure 926-4. Gunite concrete pool 
on aggregate base. Vertical wall is 
thickened for soil and temperature stresses. 
Openings are cast within shell. 
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T" 



3 ! 
i 



T. 

■ I 4 



5mm 0/4") TILE SET IN MORTAR 
BED W/l*vT£k MIKING AGENT. USE 
BULLNOSE TILES AT ALL CORNERS 
300mm <:2'j CONCRETE WALL 
KEYED 10 CONCRETE BASE AMD 
RE'NF AS REQUIRED 



OfFSEl FCWM 10mm (J/B' 1 TO 
ACCOMMODATE TILE DEPTH 

5mm (I/O tile finish 

AGGREGATE BACKFILL 

ATEFtSTOP GASKET 



EL 



CONTINUOUS l 
AT PERIMETER 
SMOOTH RIVEP 
DECORATIVE P, 
15mm (T/2") 
IfjCmm (6") i 
AT PERIMETR 
100mm (4") i 



set IN 



MORTAR SETTING BED 
ONCRETC SLAB, ThiCKENEE 
TO 200mm 
GGKOATE SUBBASE 



PREPARED SLIBC.RADE 



Figure 926-5. concrete pool with tile 
veneer. Offset form to allow tile to be set 
with thin-set mortar and a flush finish at 
grade. 
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Ponds 



1.0 INTRODUCTION 



^^onds refer to augmented or con- 
!_•/ strutted wetlands designed to retain, 
I detain, settle, or infiltrate site 
storm water runoff. The selected details 
assembled below illustrate augmented wet- 
land edges, selected liners for both reten- 
tion and detention, and erosion protection 
edges for infiltration. 



1.1 General Notes 

All wetland plants have specific soil, mois- 
ture, and depth tolerances. Use local native 
species for best results. Cut embankments 
are commonly seeded and covered with 
protective matting. Planted waterline 
slopes are graded to a gradual depth of 450 
mm (18 in) to receive cattail or other local 
aquatic plants. Infiltration ponds and clay 
lined retention ponds, typically use a fabric 
separator over subgrade before filtering, or 



ballast aggregates are placed to reduce tur- 
bidity during stormwater infusion. Single 
ply EPDM or other polymer liners may 
require a sand cushion prior to placement if 
subgrade is too course. A permanent pool 
depth of 2 100-3 000 mm (7-10 ft) is 
required to attain temperature stratification 
and support biological cycles All such con- 
struction is subject to local and federal per- 
mitting processes, which may prescribe 
regionally specific construction procedures 



NEW CATTAIL MARSH 




POND EDGE SECURED — I 
WITH EI8ER MAT ON 
I 2 MAX. SLOPE 
OVER SEEDED SOU 
AS PER MANur 



PLANT CATTAIL 
IN STAGGERED 



450mn 

sows 



GENTLY GRADE BACK SLOPE TD 
MAX. DEPTH Or 450mm 
AND PLACE JQOmm (12") PREPARED 
ORGANIC SOIL ON MARSH BOTTOM 



Figure 927-1 . Augmented wetland pond edge. Augmented existing wetland edge using prepared planting soil and fiber mat stabilization. -q 
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Figure 927-2. Infiltration detention 
pond. A prepared stone dispersal trench 
with stone lined pipe discharge channel 
and turf basin. 




Stone pond edge at 

r. Stone edge aggregate 
n mat cushion to protect 
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TASTEMm tc nr*w nutv GAl.V WRF GABIONS. 
5tT ON ISQmm (6*1 WIN AGCfttl>1£ LULLING BCD 

■ 




Figure 927-6. Board walk pond 

access on gabions. Uie radial gabion 

segment for curves. Sleepers may require 
mortar shims and steel pins. 



-o 

c 
o 

Q_ 

CM 



Time-Saver Standards for Landscape Architecture 



Appendix-1 



Appendix: 

Metric Conversion Guidelines 



THE METRIC CONVERSION ACT 



PLANE AND SOLID ANCLES 



The Metric Conversion Act of 1975, as amended by the 
Omnibus Trade and Competitiveness Act of 1988, establish- 
es the modern metric system (System International or SI) as 
the preferred system of measurement in the United States. It 
requires that, to the extent feasible, the metric system be used in 
all federal procurement, grants, and business- related activities by 
September 30, 1992. 



The radian (rad) and steradian (sr) denote plane and solid angles 
They are used in lighting work and in various engineering calcula- 
tions. In surveying, the units degree (°), minute {'), and second C) 
continue in use. 



DERIVED UNITS 



BASE UNITS 



Quantity 


Unit 


Symbol 


length 


meter 


m 


mass 1 


kilogram 


kg 


time 


second 


s 


electric current 


ampere 


A 


temperature' 1 


kelvln 


K 


luminous intensity 


candela 


cd 



1 "Weight" in common practice often is used to mean 'mass." 

■Celsius temperature CO IS more commonly used than kelvitl (K), but both have the 
temperature gradients Celsius temperature is 273 15 degrees warmer than kelvin. 
begins at absolute zero 



METRIC PREFIXES 



Only two decimal prefixes are commonly used with metric base 
units in design and construction: 



Prefix 


Symbol 


Order of 
Magnitude 


Expression 


kilo 


k 


10 3 


1000 (one thousand) 


mllll 


m 


10 1 


0.001 (one thousandth) 



The prefixes mega (M) tor one million 1 10*3. giga <G> for one Wllon (10"), micro IM> for one mil- 
lionth (10 • ), and nano <nl tor one biDiunlti (10 ") are used in some engineenng calculations 



Quantity 


Hum 


Symbol 


Expression 


liquid volume 


i iff 


L 


L = .001 m 1 


large areas (for surveying) 


iui::, in- 


ha 


ha = 10 000 m' 


large loads 


metric ton 


t 


1 = 1 000 kg 


frequency 


hertz 


Hi! 


H* = s ' 


force 


newton 


N 


N = kg m/s- 


pressure, stress 


pascal 


Pa 


Pa = N/m ! 


energy, work, quantity ot heat 


loule 


1 


J = Nm 


power, radiant flux 


/.■ill 


W 


W = J/s 


electric charge, quantity 


coulomb 


L 


C = As 


electric potential 


volt 


V 


V = W/A or J/C 


capacitance 


farad 


F 


F = C/V 


electnc resistance 


ohm 


Q 


1) = V/A 


elector conductance 


sicmi-ns 


S 


S = A/V ortl ' 


magnetic flux 


weber 


VVh 


Wb = V-s 


magnetic flux density 


tesla 


T 


T = Wb/m- 


inducUnce 


henry 


H 


H = Wb/nr 


luminous flux 


lumen 


Im 


Im = cd sr 


illuminance 


lux 


Ix 


Ix = lm/m' 



RULES FOR WRITING METRIC SYMBOLS AND NAMES 



• Print unit symbols in upright type and in lower case except for 
liter (L) or unless the unit name is derived from a proper name. 

• Print unit names in lower case, even those derived from a proper 
name. 

• Print decimal prefixes in lower case for magnitudes 10 3 and lower 
(that is, k, u, m, and n) and print the prefixes in upper case for 
magnitudes 10" and higher (that is, M and G) 
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•Leave a space between a numeral and a symbol (e.g. 45 kg 
not 45kg). 

• Do not use a degree mark O with kelvin temperature (k). 

• Do not leave a space between a unit symbol and its decimal pre- 
fix (e.g. kg, not k g). 

• Do not use the plural of unit symbols (e.g. 45 kg, not 45 kgs). but 
do use the plural of written unit names (e.g. several kilograms). 

• For technical writing, use symbols in conjunction with numerals 
(the area is 10 m'); write out unit names if numerals are not used 
(carpet is measured in square meters). Numerals may be com- 
bined with written unit names in nontechnical writing (10 
meters). 

• Indicate the product of two or more units in symbolic form by 
using a dot positioned above the line (kg-mV). 

• Do not mix names and symbols (write N-m or newton meter, not 
N -meter). 

• Do not use a period after a symbol except when it occurs at the 
end of a sentence (e.g. 12 g, not 12g.).. 

• Always use decimals, not fractions (e.g. 0.75 g, not 5 A g). 

• Use a zero before the value marker for values less than one. 

• Use spaces instead of commas to separate blocks of three digits 
for any number over four digits (e.g. 45 138 kg or 0.004 46 kg, 
or 4371 kg). 

• In the United States, the decimal marker is a period; in other 
countries, a comma is typically jsed. 



CONVERSION AND ROUNDING 



In a "soft" conversion, an exact U.S. unit measurement is convert- 
ed to its exact (or near exact) metric equivalent. In a "hard" con- 
version, a new rounded, rationalized metric number is created that 
is convenient to work with and remember. 

• Wherever possible, convert measurements to rounded, rational- 
ized "hard" metric numbers. For instance, if anchor bolts are to 
be imbedded to a depth of 10 inches, the exact converted length 
of 254 mm might be rounded to either 250 mm (9.84 inches) or 
260 mm (10.24 inches). The less critical the number, the 
"rounder" it can be, but ensure that allowable tolerances or safe- 
ty factors are not exceeded When in doubt, stick with the exact 
"soft" conversion. 

• When converting numbers from U.S. units to metric, round the 
metric value to the same number of digits. In all cases, use pro- 
fessional rounding to determine the exact value. 

• Round to "preferred" metric numbers. While the preferred 
numbers for the "1 foot 12 inches" system are, in order of pref- 
erence, those divisible by 12, 6, 4, 3, 2 and 1. preferred metric 
numbers are, in order of preference, those divisible by 10, 5, 2 
and 1 or decimal multiples thereof. 

X 

T3 

fZ 

CD 

CL 

Q_ 
< 



SPECIFICATIONS 



Metric specifications should use "mm" for almost all measure- 
ments. The use of mm is consistent with the dimensions specified 
in major codes. Meters should be used only where large, round 
metric sizes are specified. Centimeters should not be used in spec- 
ifications. 



DRAWINGS 



• Use only one unit of measure on a drawing Except for large 
scale site or cartographic drawings, the unit should be the mil- 
limeter (mm). 

• Delete unit symbols but provide an explanatory note ( " All dimen- 
sions are shown in millimeters" or "All dimensions are shown in 
meters"). Whole numbers always indicate millimeters; decimal 
numbers taken to three places always indicate meters. 

• Where modules are used, the recommended basic module is 100 
mm, which is similar to the 4-inch module used in building con- 
struction (4 inches = 101.6 mm). 



DRAWING SCALES 



All scales are expressed as non-dimensional ratios 



Comparison of Drawing Scales 



Inch-Foot Scales 


Inch-Foot Ratio 


Metric Scale 


Full Size 


1:1 


1:1 


M.ill Size 


l ? 


1:2* 


4" = r-o" 


1:3 




3" = r-0" 


1:4 


1:5 


2" = 1'-0" 


1:6 




1 V:'"= 1-0" 


1:8 


1:10 


1 " = r-o" 


1:12 




»/4"= 1'-0" | 1:16 


1:20 


W <= r-o" 


1 2 A 


1:25' 


•A" = r-0" 


1:48 


1 :50 


1" = 5'-0" 


1.60 




vb" = r-0" 


1.96 


1:100 


I " = lO'-O 


1:120 




- r-o 


I 192 


1:200 


1 " = 20' -0" 


1:240 


i 250" 


1 " = 30' -0" 


1 :360 










1 " = 40' -0" 


1:480 


1 E >00 


1 " = 50'-0 " 


1:600 




1 " = 60' -0" 


1:720 




1 " = 80'-0" 


1:960 


1:1000 



• Limilcd use as metric scales 
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DRAWING SIZES 



The ISO "A" series drawing sizes are preferred metric sizes for 
design drawings. There are five "A' series sizes: 



Size 


Sheet Size 


AO 


1189 x 841 mm (46.8 x 33.1 inches) 


Al 


841 x 594 mm (33.1 x 23.4 inches) 


A7 


594 x 420 mm (23.4 x 16.5 inches) 


A 3 


420 x 297 mm (1 6.5 x 1 1 .7 inches) 


A A 


297 x 210 mm (11.7 x 8.3 inches) 



AO r% the bnvy drawing we with an area of one square meter Smaller sires are obtained by 
halving the long dimension of the previous we All AO saes have J height to width ratio of 
one to the square root of 2 



RULES FOR LINEAR MEASUREMENT (LENGTH) 



■ Use only the meter and millimeter in design and construction. 

• Use the kilometer for long distances and the micrometer for pre- 
cision measurements. 

• Avoid use of the centimeter. 

• For survey measurement, use the meter and the kilometer. 



RULES FOR ANGLES AND SLOPES 



• Plane angles in surveying (cartography) will continue to be mea- 
sured in degrees (either decimal degrees or degrees, minutes, and 
seconds) rather than the metric radian. 

• Slope is expressed in nondimensional ratios The vertical compo- 
nent is shown first and then the horizontal. The units that are 
compared should be the same (meters to meters, millimeters to 
millimeters). For slopes less than 45°, the vertical component 
should be unitary (for example, 1:20). For slopes over 45", the 
horizontal component should be unitary (for example, 5:1). 



RULES FOR STRUCTURAL CALCULATIONS 



• There are separate units for mass and force. The kilogram (kg) is 
the base unit for mass, which is the unit quantity of matter inde- 
pendent of gravity. The newton (N) is the derived unit for force 
(mass times acceleration, or kgm/s-'). It replaces the unit "kilo- 
gram-force" (kgf), which should not be used. 

• Do not use the joule to designate torque, which is always desig- 
nated newton meter (N-m). 

•The pascal (Pa) is the unit for pressure and stress (Pa = N/nv) . 
The term "bar" is not a metric unit and should not be used. 

• Structural calculations should be shown in MPa or kPa. 



RULES FOR AREA 



• The square meter is preferred 

•Very large areas may be expressed in square kilometers and very 
small areas, in square millimeters. 

• Use the hectare (10 000 square meters) for land and water mea- 
surement only. 

• Avoid use of the square centimeter. 

• Linear dimensions such as 40 x 90 mm may be used: if so, indi- 
cate width first and height second. 



RULES FOR VOLUME AND FLUID CAPACITY 



• Cubic meter is preferred for volumes in construction and for large 
storage tanks. 

• Use liter (L) and milliliter (mL) for fluid capacity (liquid volume). 
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CONVERSION FACTORS 



Quantity 


From Inch-Pound 

1Mb 


To Metric 
Units 


Multiply By: 


Length 


mile 


km 


1 609 344 


yard 


m 


,, ,,|.! | 


foot 


m 


304 B 


mm 


1M3 


inch 


mm 


2.5.4 


A:, . 


square mile 


km' 


2 590 00 


acre 


m 


■t U46.856 


ha 


0,404 685 6 


'.quart' yard 


m' 


0.836 127 36 


square foot 


m 


0,092 9Q3 P4 


square inch 


mnr 


I,.;-;, i, 


Volume 


acre foot 


m' 


1 >}3 -Vi 


cubic yard 


m' 


0764 555 


i hi hint 


m 1 


038 316 8 


cm* 


28 316.85 


I 


28.316 85 


100 board feet 




235 97,1 


galllon | L 




cubic inch 


cm 1 




mm 


16 337 064 


Mass 


lb 




(1 453 592 


kip (1000 lb) 


metric ton 


-153 W J 


M.is-'./Linit length 


plf 


kg/m 


1 488 16 


Mass/unit area 


BSf 




4. SE2 43 


Mass density 


prt 


kg/m' 


16.018 5 


Force 


lb 


N 


4 44B 22 


kip 


kU 


4.44B 22 


Force/unit length 


Plf 


Wm 


14 593 9 


klf 


kN m 


14 593 9 


Pressure, stress. 


prf 


'. 


47 830 3 


modulus of elasticity 


ksf 




47 830 3 


pm 


kPa 


6.894 76 


ks, 




6.894 76 



Quantity 


From Inch-Pound 


To Metric 


Multiply By: 




Units 


Units 




Bending moment, torque, 


ft-lb 


N m 


1 355 82 


moment of force 


H ki|j 


kN m 


1 155 32 


Moment of mass 


lb n 


k«m 


1 i8 255 


Moment of inertia 


Bb-f¥ 


kgm-' 


0.042 140 1 


Second moment Df area 


in 


mm" 


416 231 


Section modulus 


in 


Din, 


16 387-064 


Temperature 


F 


K 


5/9CF-32) 








+273 15 






°c 


5/9C F-32) 


Energy, work, 


kWh 


MJ 




quantity of heat 


Btu 


J 


1 055.056 




H-ibl 


1 


1 355 B2 




ton Irefrig.) 


I W 


3.517 




BW. 


kW 


1.055 056 




hp (electric) 


w 


74 5 700 




Blu/h 


w 


0.293 071 


Thermal resistance 


ft*-h-"F/Btu 


m ; kVW 


0.176 110 


(R value) 








Volume rate of flow 


ffVs 


niVs 


1 028 316 8 




cfm 




U.ULHJ 4 M \t*f 4 






in 


0.471 947 4 


Velocity, speed 


ivi 


m/s 


■j.Hij.iB 


Luminous intensity 


li j 


cd 


1 (same unit) 


Luminance 


Itmtx 'i 


ked/m* 


3 183 01 






cd/m" 


10.763 9 




footlambert 


cd/rrv 


l,4Z< 16 


Luminous flux Im 


in 


1„(same unit) 


illuminance 


footcandle 


lux 


10 76 i '-) 



c 



SOURCES OF TECHNICAL INFORMATION 
AND ASSISTANCE 



American Concrete Institute 

P.O. Box 19150, Detroit, Ml 48219 

Amencan Congress on Surveying and Mapping 
5410 Crosvenor Lane, Suite 100 
Bethesda, MD 20814 

American Institute of Steel Construction 
One East Wacker Drive, 5uite 3100 
Chicago, I L 60601-2001 
American National Metric Council 
Washington, D.C. 

American National Standards Institute, Inc. 
11 West 42 nd St. 
New York, NY 10036 

American Society for Testing and Materials 
1916 Race St. 
Philadelphia, PA 19103 

Building Officials and Code Administrators International 

4051 W. Flossmoor Rd. 

Country Club Hills, IL 60477-5795 

Canadian Standards Organization 
178 Rexdale Blvd. 
Rexdale, Ontario M9W IR3 

U.S. Metric Association 
10245 Andasol Avenue 
Northridge, CA 91325 



Time-Saver Standards for Landscape Architecture 



Appendix-5 



CONSTRUCTION TRADES 



The metric units used in the construction trades are as follows. The 
height, thickness, diameter, and circumference). 



Trad.- 


Quantity 


Unit 


Symbol 


Surveying 


length 


kilometer, irtetef 


km. m 


are* 


square kilometer 


km J 


hectare 1 10 000 nV) 


hrl 


square meter 


„J 

m 




plane angle 


degree tnon-metnc) 




minute (norvmetric) 




second f. nun -me tin.) 




Excavating 


length 


meter, millimeter 


m. mm 


volume 


cubic meter 


m' 


Trucking 


distance 


kilevnetei 


km 


vok*me 


cubic meter 


m* 


mass 


metric ton 1 1000 kg) 


t 


Paving 


length 


MllfU' 'ii h | 


1 1 1 iti ri ^ 


AW,i 


-<;,, in Mictl'i 


m J 


Cow rclc 


length 


meiei i llnireter 


m. mm 


irr'.i 


square meter 


in 


volume 


cubic meter 


m' 


temperature 


degree Celsius 


C 


water capacity 


liter (1000 cm3J 


L 


mass (weight} 


kilcigrjrn. gram 


kg- 


cross-sectional 


square mrllimeter 


mm 


Masonry 


length 


meter, millimeter 


m. mm 


.irE-a 


square meter 


m J 


mixta r volume 


cubic meter 


m J 


Steel 


length 


meter, millimeter 


m, mm 


maw 


metric ton < 1000 kg) 




kilogram gram 


kg. £ 


Carpentry 


length 


meter, millimeter 


m. mm 


Postering 


length 


meter, millimeter 


m, mm 


area 


square meter 


nr 


water capacity 


liter nOOOcnV) 


L 




length 


meter, millimeter 


m. mm 


i ■ ■ 


■,qi,.,n . 





REFERENCES 



The metric units in this appendix are those adopted by the U.S. 
government (see the Federal Register of December 20, 1990; 
Federal Standard 376A, Preferred Metric Units for Use by the 
Federal Government; and PB 89-226922, Metric Handbook for 
Federal Officials). 

ASTM E 62 7, Standard Practice for Use of Metric (SI) Units in 
Design and Construction, 

ANSI /IEEE 268, American National Standard Metric Practice, 

ASTM E 380, Standard Practice for the Use of the International 
System of Units (SI) - 

American National Metric Council, Metric Editorial Guide and 
U.S. Metric Association, Metnc Units of Measure and Style Guide. 



"length" includes all linear measurements (that is, length, width, 



Trade 


Quiirlt ity 


Unit 


Symbol 


*■ i f. 


i „ 

lengtri 


meter, mlllimeler 






j-qujr.: nn:-T»'i 


nv 


capacity 


iner [ I law tin J 




MiUiMcr \i rn 


ml 


Rooting 


length 


meter, millimeter 


rn, nun 


area 


square meter 


in 


.Ii 


millimrter/rneler 


mm/m 


Plumbing 


length 


meter, millimeter 


m, mm 


mats 


ktlogram, gram 


\tg, g 


■ cs;.)Hi. ity 


liter (1000 cm'} 


L 


pressure 




kfi 


Drainage 


length 


meter, millimeter 


m. mm 


area 


hectare (10 000 ISA') 


h,i 


hquiiic rnetfi 


J 

m 


volume 1 


cubic meter 


""53 

m 


slope 


millimeter/melr-i 


mm/m 




length 


meter, millimeter 


rn, mm 


kfOiunKi 


cubic meter 


m 


capacity 


liter (1000 cm') 


L 


aiftlo* 


meter/ second 


m, 


volume flow 


cubic meter/ second 


m J /s 


llter/scccrnd 


L/s 


temperature 


degree Celsius 


*C 


force 


newtun, kllonewtnn 


N kw 


pressure 


kilopascal 


kPa 


energy, woric 


kilojoule, megijoule 


kJ, Mi 


ifi re nf hen! flow 


watt, kilowatl 


W. kW 


Electrical 


length 


iii'.'-. ■ rulli i .i ii i 


m, mm 


frequency 


herta 


Hi 


power 


watt, kilowatt 


W. kW 


energy 


ItMflMui 


Ml 


kilowatt hour 


kWh 


electric current 


ampere 


A 




volt, Wcuolt 


V. kV 


[ resistance 1 ohm 
1 1 ,. 


LI 
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Index 



Abbreviations on grading plans. 320-1, 320-2 
Abutments lor footbridges. 470-1. 470-9 
Accessibility: 

agencies and organizations, 240-24 

beaches. 240-2, 240-18. 240-20. 240-23, 520-16 

benches, 240-7, 240-10. 240-17, 340-9. 340-12. 510-7, 520-24 

boating, 240-20. 240-21 

bus shelters. 240-11. 240-12 

camping. 240-2, 240-18. 240-20. 240-23, 240-24, 520-21 
fishing, 240-18, 240-20, 240-21. 240-23 
gardens, 210-4, 240-2, 240-12. 240-13, 240-14 
graduated difficulty of access, 240-2, 240-16, 240-22 
handlings, 240-10, 240-21, 340-10. 340-11, 470-2 
and hearing impairments. 240-5 
hiking trails, 240-16 
interpretive trails, 240-16 
logging paths, 240-23 

I«ndrng5, 240-5, 240-6, 240-7. 240-10, 340-9. 340-11 
and learning impairments, 240-2. 240-6, 240-13 
lighting. 240-2, 240-3. 240-14 
and manual impairments, 240-5 
and mobility impairments, 240-5 

parking. 210-16, 240-3. 240-8, 240-10, 240-1 1. 240 18. 240-21 

parks. 240-2. 240-22, 240-23 

passengei loading zones, 240-7. 240-8. 240-11 

paved surfaces. 240-2. 240-7, 240-10 

picnicking, 240-18. 240-19, 240-23 

plantings, 210-4, 240-12 

playgrounds. 240-2, 240-22. 240-23 

ramps. 240-2 to 240-5, 240-8. 240-10, 240-1 1 , 240-20 to 240-23, 

340-9, 340-11,470-2 
seating, 240-3, 240-7 to 240-10. 240-15, 240-19. 240-20, 240-22, 

240-23, 340-12 

signage, 240-2. 240-3 240-5, 240-7, 240-8, 240-13 to 240-16. 

240-18, 240-23. 240-24 
spectator areas, 240-22 

stairways, 240-5. 240-8, 240-10, 240-20. 240-22. 340-8 

street crossings. 240-7. 240-8 

swimming pools, 240-8. 240-18. 240-20, 240-23 

trails, 240-16, 240-23, 240-24, 520-20 

and visual impairments. 240-4 

walkway furnishings. 240-10 

walkways. 240-3, 240-5, 240-7 to 240-10. 240-12 

walls. 240-5, 240-6. 240-10. 240-13 
Acclimatization for interior plants. 620-4 
Acidic soils and reclamation, 640-3 to 640-4. 640-15 
Acoustical planning. 660-2 
Acrylics. 870-2 
Active fault zones. 252-4 
Additives for expansive soil. 255-6 
Admixtures for concrete, 830-2. 830-4 
Adventure playgrounds. 520-26 
Aerated lagoons, 720-3. 720-6 
Aerobic digesters, 720-3 
Aesthetics: 

fences/screens/walls. 450-3 
pavement, 440-10 
water displays. 530-2 



Aggregates, 810 13 

as backfill material. 130-10. 

as pavement base and/or subbase, 130-14, 440-2. 440-8, 820-1 1 

as surfacing material, 341-11, 810-13 

for asphalt pavements, 820-3 to 820-7 

for concrete. 830-4 

for porous asphalt. 440-8 

relevant properties, 810-14 
Air quality for interior plants, 620-2 
Aircraft noise. 660-4 
Algae In water supply, 530-3, 710-18 
Alloys: 

aluminum, 860-3 
copper. 860-7 
Alpine skiing, 520-17 

Aluminum, 450-9, 450-10. 450-16, 460-7, 470-4, 470-7, 470-18. 610-10, 

830-12, 860-3 to 860-5 
Amateur Athletic Union, 520-7/ 
Amenities, pedestrian. 210-15, 240-21, 340-2. 470-2 
American Alliance for Health, Physical Education and Dance. 520-27 
American Association of Nurserymen. 550-12, 810-14 
American Association of State Highway and Transportation Officials (AA5HTO). 

320-16, 341-2. 341-15. 342-4. 342-26, 470-23. 470-24, 810-7, 

810-14, 820-2 

American Camping Association, 240-24, 520-2, 520-21. 520-26 
American Lumber Standards Committee, 850-9. 850-21 
American National Standards Institute (ANSI). 240 2. 240-24, 840-21. 870-7, 
870-8 

American Society for Testing and Materials (ASTM). 810-5, 810-6. 810-14, 

820-2, 830-3. 870-7, 870-8. Appcndix-.4 
American Standard for Nursery Stock. 550-12 

Americans with Disabilities Act (ADA), 240-2, 240-8. 240-14. 240-23. 340-9, 

440-10. 460-5. 470-2, 520-3. 520-26 
Amphitheaters, 520-24 
Analyses (see Site analyses) 
Anchoring, roof/deck landscapes. 610-10 

Anchors, 110-12. 110-13, 253-9, 253-11. 320-23. 460-6. 470-15, 610-9. 640- 

11.840-21 
Apron walls of dams. 420-8 

Aquifers, 330-5, 710-5, 710-6, 710-10. 710-14. 710-16 
Arbors, 240-11, 460-7 
Archery. 210-13. 520-23 
Arterial highways, 342-2, 440-10 
Asphalt. 820-1 

aggregate for. 820-3 to 820-7 

cement or binder. 820-2 to 820-3 

curbs. 342-26, 820-22 

dam facing, 420-20 

installation, 130-15 

pavement design, 440-6, 820 10 to 820-22 
paving mixtures 820-7 to 820-10 
porous, 320-23. 330-49, 440-8 

Athletics (see Recreational and athletic facilities) 

Automatic watering of Interior plants, 620-7 

Automobiles (see Vehicular circulation) 

Avalanches, 253-12 

andskiing, 520-17 X 
causes. 253-12 d) 
estim.5t.on, 253-13 ~Q 
loss prevention and reduction, 253-14 to 253-16 r — 

Awnings, 510-8, 510-14 _ 
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Backfill. 130-10. 

for abandoned mines, 254-6 

reinforced. 253-1 1 

to correct expansive soils 255-4 
Backflow preventors, 750-16 
Badminton. 210-13, 520-4. 520-7, 520-26, 540-12 
Banners, 510-14 

Bark, shredded. 620-8. 620-9, 640-17 
Barriers: 

for avalanche protection, 253-16 
for bicycling, 341-14 
sound. 660-6 to 660-7 

to universal access, 240-2. 240-5, 240-6, 240-8. 240-1 1 . 240-15, 
240-16. 240-18 

Base course: 

placement of. 130-14 to 130-15 

tor asphalt pavements. 440-10, 820-7, 820-10. 820-11, 820-15, 

820-20 to 820-22 
for concrete pavements. 830-12, 
reinforcement of 880-6 
Base plans, 130-14 

Baseball, 210-13, 210-15, 320-13. 320-15 to 320-17. 520-8, 520-14. 520-15. 

520-26, 540-12 
Basins, drainage, 130-10. 330-45, 640-5, 640-9. 710-18 
Basketball. 210-13, 210-15. 240-23. 320-17, 320-18, 520-3, 520-5. 520-7, 

540-13 

Batters for retaining walls, 410-9 

Beaches, swimming, 210-24, 240-18, 240-20. 240-23. 520-13 

Beams, 460-2 to 460-4. 460-7, 460-8. 460-14. 470-3 to 470-9, 470-13. 470- 

18 to 470-22, 830-7. 850-19, 850-21, 860-18, 860-19 
Bearing strength of soil, 410-7, 420-14, 810-10, 820-10, 880-3 
Beaver-type dams, 420-8, 420-9 
Bedrock: 

in relation to grading, 320-28 
as a dam foundation, 420-6, 420-10, 420-17 
and water supply, 710-6 
Benches, 340-9, 340-12, 510-4, 510-5. 510-7 

and accessibility, 240-7, 240-10. 240-17, 340-9, 340-12. 510-7, 
520-24 

jnd athletic facilities. 520-22. 520-24, 

and rooftop gardens. 610-10 to 610-12 
Bending moment, wood. 460-20, 460-21 
Berms: 

asphalt, 820-22. 820-23 
earth, 320-3, 320-13, 320-21 
Bicycle circulation, 341-1 

types of users, 341-2 

primary types of bikeways, 341-2 to 341-3 

route selection and planning. 341-3 

design criteria, 341-4 to 341-9 

design elements, 341-9 to 341-15 
Bicycle racks, 341-13 
Bid preparation, 130-1, 130-2 
Bidding, 110-2 

Bikeways, 341-2 to 341-3. 540-12, 820-23 

Bin walls, 410-9 to 410-11 

Bloclimate, 220-5. 220-12 

Bioengineering, 253-16, 550-19, 640-9. 640-19 

Blind, accessibility for, 240-4, 240-24 

Blocking for decks/boardwalks. 460-4 

Blocks: 

asphalt. 820-7,820-12, 

concrete, 830-14, 840-7, 840-9, 840-10, 840-12. 

glass. 870-6 
Board measure, 850-13. 850-14 
Boardwalks: 

and accessibility, 240-20 

principles of construction, 460-2 to 460-6 

materials. 460-6 to 460-7 

sizing wood members, 460-7 to 460-15 

construction details. 460-15 to 460-21 
Boating. 520-15. 520-16. 520-18 

and accessibility. 240-20 to 240-21 
Bobsled courses, 520-18 
Bocce. 520-9. 520-11, 520-26 
Bollards, 510-2, 510-12 

and accessibility. 240-2. 240-8. 240-1 1 



Bolts, 460-7. 850-3, 860-10, 860-24. 860-25 
Bowling, lawn, 210-13, 320-17, 520-9. 520-11 
Box structures, 470-9, 470-16 
Boxing, 520-20. 520-25. 520-27 

Bracing for decks/boardwalks, 460-4, 460-5, 460-16, 460-17 

Brackets, 460-6 

Braided wire. 860-13 

Braille strips, 240-14,520-20 

Brass, 460-7, 530-14. 530-21 to 530-24. 860-4. 860-5 
Brick: 

asphalt underlayments for, 820-23. 

clay. 840-2 to 840-7, 

for retaining walls, 410-16. 

mortar for. 840-15 

paving. 440-6. 440-9, 440-10 

walls, 450-4, 450-7, 450-9 to 450-12, 450-15 to 450-17. 510-6, 
530-1 , 

Bridges, pedestrian (see Footbridges) 
Buckling, wood. 460-4 

Building brick. 450-12. 450-15 to 450-17. 840-2 to 840-7, 840-9. 

mortar for, 840-15 
Building codes: 

and seismic risk. 252-1, 252-7. 252-11 

and site furnishings. 510-7, 

and water displays. 530-17 

for decks and boardwalks, 460-5, 460-15, 

for walls, 410-8. 450-4, 450-12, 
Building Officials and Code Administrators, Appendix . 4 
Building studies, 252-7, 620-3 

Built environment and Site furniture, 510-1 to 510-3. 510-5 
Bus shelters, accessibility of. 240-11, 240-12 




Cable, 860-13 
California: 

earthquakes, 252-6 

redwood. 460-6, 850-7, 850-15. 850-18 
California Bearing Ratio tCBR). 440-10. 820-10, 880-6 
Camping, 520-20, 520-21. 520-26 

accessibility for, 240-18. 240-20, 240-23, 240-24 
Canadian Nursery Trades Association, 550-12 

Canadian Standards Association, 240-24, 830-3, 850-21. Appendix . 4 

Candela, 540-2. 540-B, Appendix-. 1 

Cane technique. 240-4 

Cantilevered footbridges, 470-7 

Cantilevered retaining walls, 410-7, 410-13 to 410-16, 

design calculations, 410-20 to 410-21 
Canvas. 450-14, 510-14, 520-25 
Capacity, water 

for reservoirs and dams. 420-4, 420-17. 710-5, 710-6. 740-2, 

for water displays, 530-13, 530-14, 

of soil, 640-3, 640-12, 640-14, 810-11, 810-13. 

metric rules, Appendix-. 3 
Capillarity, soil. 810-7, 810-13 
Carbon steel. 860-8 
Cars (see Vehicular circulation) 

Cascading water, 530-3 to 530-5. 530-7 to 530-8. 530-11, 530-15 
Cast Iron, 450-17, 530-2. 530-22, 610-12, 720-13, 860-7 
Catchments, surface (see Dams; Reservoirs) 
Cement, 

and concrete. 830-2 to 830-7, 830-11 to 830-15, 830-20. 830-21. 
ashpalt. 820-2, 820-3. 820-7, 820-10, 820-14. 820-20. 820-22 
for masonry. 840-7, 840-15, 840-21. 840-24 
Ceramic veneer, 840-7 

Cesspools, 710 12. 710-13, 720-3. 720-6. 720-7 
Chain, 860-14 

Chain barriers, 240-8. 240-11. 510-12 
Channels: 

drainage. 320-16, 320 20 to 320-23. 330-5. 330-9. 330-16. 330- 
27 to 330-32 

metal. 860-16. 860-18 
Checkers, 520-2. 520-20. 520-25 
Chemical additives for expansive soil. 255-6 
Chemical corrosion of metals. 860-2 
Chemical injection devices for irrigation. 750 18 
Chlorlnation of water supply, 530-3, 710-7, 710-11, 710-18 
Circulation: 

bicycle, 341-1 
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pedestrian. 340-1 

vehicular. 342-1 
Circulation control by fences/screens/walls. 450-3 
Cisterns. 710-6, 710-7 
Clay: 

calcinated, 620-8 

masonry, 840-2, 840-3. 840-7, 840-21, 840-24 
soils. 255-2 to 255-8, 810-2. 810-3, 810-6. 810-7, 810-13, B10-14 
Clearance of footbridges, 470-4 

Clearing and grubbing. 110-2, 110-4, 130-6, 320-24, 640-7 

Clearing, selective, 130-6 

Climate: 

and deck materials, 460-6 

and energy and resource conservation, 220-2. 220-4 to 220-9, 

220-12, 220-13, 
and fences/screens/walK, 450-2, 450-3, 450-7 
and intenor landscapes. 620-2 
and irrigation. 750-3 to 750-4 

and pavement design, 440-2. 440-4 to440-G, 440-10. 440-11, 
440-13. 

and roof/deck landscapes, 610-2, 610-6. 610-7 

and site furniture, 510-2 to 510-4 

and water displays, 530-12 

and water supply. 710-5, 710-19 
Coating (see Finishes; Surfacing) 
Codes, building (see Building codes) 
Collapsing soils and land subsidence. 254-8 
Collector streets, 342-2 to 342-4 
Colloidal content of soil, 410-7, 810 12. 810-13 
Color, lamp, 540-2. 540-4, 540-6 to 540-8. 540-11. 620-5 to 620-6 
Colorado, avalanches in. 253-13 to 253-16 

Compaction, soil, 130-8 to 130-11. 254-3. 255-5 to 255-7. 320-28, 330-3. 

330-46. 640-11, 810-9 to 810-10, 810-13, 880-6 
Composting toilets, 720-3. 720-6 
Concrete, 830-1 

admixtures, 830-4 to 830-5 

aggregates, 830-3 to 830-4 

asphalt, 820-2. 820-3. 820-7. 820-10 to 820-24. 

cement, 830-3 

consolidation of. B30-6 

curing, 830-12 to 830-14 

finishes. 830-10 to 830-13 

tor roof/deck landscapes. 610-2 to 610-6. 610-9, 610-10, 610-12, 
610-13, 

formworlt. 830-6 to 830-8 

joints/fillers, 830-8 to 830-10 

masonry, 840-2. 840-7 to 840-15, 840-21. 840-24. 

pavement, 440-2. 440-6 to 440-11 

preparation/placement, S30-5 to 830-15 

properties, of, 830-2 

reinforcement of, 830-8 

restoration/repair, 830-15 

sealers/glazers, 830-14 

types, 830-2 to 830-3 

water for, 830-5 

weathering. 830-14 
Construction details, 110-9, 900-1 

for athletic and game surfaces. 914-1 to 914-2 

for curbs. 915-1 to 915-3 

for decks and boardwalks, 460-15, 

for drains. 924-1 to 924-4 

for fences. 918-1 to 918-4 

for lighting, 922-1 to 922-5 

for paving, 910-1 to 910-5 

for paving dividers. 913-1 

for paving edges, 911-1 to 911-2 

for paving joints, 912-1 to 912-2 

for pedestnan hndges, 470-14 

for planting, 923-1 to 923-6 

for ponds. 927-1 to 927-3 

for pools and fountains. 530-27, 926-1 to 926-3 

for ramps. 917-1 to 917-2 

for retaining walls, 920- 1 to 920-4 

for seatwalls. 921-1 to 921 -2 

for steps. 916-1 to 916-3 

for swales, 925-1 to 925-4 

for walls, 919-1 to 919-4 
Construction documents, 110-1 

clearing, grubbing, and demolition plan. 110-2 to 110-4 110-8 



drawing organization, 110-8 

grading plan. 110-3 to 110-4, 110-6. 110-8. 320-12, 320-33 

layout and materials plan. 110-5, 110-8 

planting plan. 110-8, 550-8. 550-10 to 550-12 

preliminary surveying/existing conditions plan, 110-2. 110-8 

specifications, 110-10 to 110-16 

tree protection plan, 110-2, 110-8 
Construction operations. 130-1 

contractor's responsibilities. 1 30-2 

drainage and utilities, 130-10 to 130-13 

earthwork, 130-8 to 130-10, 320-24 to 320-33 

grading, 110-3 to 110-4, 130-13 to 130-14, 

paving and surfacing, 130-14 to 130-15 

planting installation, 130-15 to 130-16, 550-6 to 550-10 

site furnishings, 130-15, 510-1 

site improvements, 130-8 to 130-16 

site preparation, 110-2 to 110-4, 130-5 to 130-8 
Construction Specifications Institute, 110-10 to 110-16, 450-16. 820-24, 830- 

20. 840-21,870-8 
Consumer Product Safety Commission, U.S.. 341-15, 870-7 
Contaminants and stormwater management, 330-5, 330-8, 330-9. 740-4 
Contractor's responsibilities. 130-1 to 130-5 

bid preparation, 130-2 to 130-4 

final clean-up. inspection, and payment. 130-4 to 130-5 

pricing, 130-4 

project organization, 130-4 
Contour maps. 320-6. 320-29 
Contract documents (see Construction documents) 
Controls: 

fountain, 530-28, 530-29, 
sprinkler, 750-12 
Convenience elements, 510-2. 510-8, 510-9 

Copper. 330-4, 460-7, 530-14. 530-16. 530-21, 640-4. 860-5 to 860-7 

Corrosion, metal, 450-10. 470-23, 830-8. 860-2 

Corrugated plastic, 330-34, 870-2. 870-5 

Cost estimates, 110-2, 320-30. 320-33 (see also Pricing) 

Council rings. 520-23 to 520-24 

Countryside Commission (Scotland), 470-9. 470-10, 470-24 

Court games, 210-15, 320-16. 520-4, 520-7 

Covenants, 450-4 

Cover sheets, 110-8 

Creosote, 850-19 

Crests of dams, 420-3, 420-6 

Crew, 520-16 

Crib dams, 420-2 to 420-4. 420-8 to 420-10 
Crib walls, 253-10. 410-3, 410-9 to 410-13 
Cricket. 520-9, 520-11 

Croquet, 210-13, 320-17, 520-9. 520-1 1 , 520-26 

Cross-country skiing, 520-17 

Cross-grain, 850-3, 850-4, 850-9. 850-12 

Crossings, bicycle. 341-6, 341-8 to 341-10 

Crosswalks, 240-6 

Crowns, pavement, 342-17, 342-20 

Crushed stone. 810-13. 810-14. 820-3, 830-3. 830-4, 830-6, 840-11, 840-14, 

840-21 (see also aggregates) 
Crushing, wood. 460-4, 850-2 

Culverts, 320-21 , 330-27, 330-29. 330-33 to 330-38, 640-7 

Curbs, 110-7, 130-5.210-7, 342-20, 342-22 to 342-26, 440-2,440-10.440-11, 

and accessibility. 240-8, 240-17, 240-21, 

and stormwater management, 330-9 

asphalt, 820-22 

construction details. 915-1 to 915-3 
Curing of concrete, 830-2. 830-3, 830-8. 830-11 to 830-15, 830-20 
Curling, 320-17. 520-18 
Curves: 

blkeways, 341-4 to 341-6 

roads. 342-3. 342-6 to 342-8. 342-11 to 342-17, 342-24 
Cut/fill, estimations for, 320-29 to 320-32 
Cutback asphalt, 820-7 
Cutoff light distribution, 540-3. 540-4, 540-8 
Cutoffs, 420-14. 420-17 
Cut operations, 130-8 to 130-13, 130-16 
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Dams, 420-1 

site selection, 420-2 to 420-4 
selection criteria. 420-3 
stability analysis, 420-10 
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design calculations, 420-1 1 to 420-13 
foundations. 420-14 to 420-15 
drainage, 420-15 to 420-17 
cutoffs, 420-17 

spillways and fish ladders, 420-17 to 420-18 
facing. 420-20 

earthfill embankment, 420-4 to 420-5 
diaphragm rockfill, 420-5 to 420-7 
masonry, 420-7 to 420-9 
beaver-type, 420-9 to 420-10 
crib dams. 420-10 

uses of, 330-29, 330-37, 640-4 to 640-7, 710-11, 710-18. 740-5, 

geotextiles for earthfill, 880-2. 880-3, 880-5 
Dancing. 520-20, 520-25 
Daylight: 

tor interior plants. 620-2 to 620-7 
fountains, 530-26 
Deaf, accessibility for, 240-5 

Decay resistance, wood, 450-7, 450-10, 460-6, 850-5 to 850-8 
Decibels. 660-2 to 660-6 
Deck landscapes, 610-1 

adaptation to climate, 610-6 to 610-7 

anchoring methods. 610-10 

drainage, 610-3 

irrigation, 610-7 to 610-10 

maintenance, 610-12 to 610-15 

pavements, 440-11, 

planting medium. 610-3 to 610-6 

pools and fountains, 610-10 to 610-1 1 

protection of the roof/structure, 610-2 to 610-3 

provision for utilities, 610-1 1 

safety and security, 610-12 

site furnishings, 510-2, 
Deck tennis, 210-13, 320-17. 520-6, 520-7, 520-26 
Decks and boardwalks, -160-1 

principles of construction, 460-2 to 460-6 

framing methods. 460-2 to 460-3 

decking. 460-3 

joists, 460-3. 460-15 

beams, 460-3 to 460-4, 460-14 to 460-15 
posts. 460-4, 460-9, 460-13 
footings. 460-4 

bracing and blocking, 460-4 to 460-5 
stairs and railings. 460-6 
wood for. 460-6, 850-2. 850-18 
hardware for, 460-6 to 460-7 
sizing wood members, 460-7 to 460-15 
construction details. 460-15 to 460-20 
span tables, 460-9 to 460-12 
Decorations, 510-14 

Defects, wood. 850-3 to 850-7. 850-9, 850-10 

Defense Department, U.S., 240-2 

Deflection, wood. 460-3. 850-3 

Demolition (drawings). 110-2, 110-8, 130-4, 130-5 

Demolition, 110-2. 110-4, 110-8. 130-4 to 130-6, 130-14 

Depreciation, light, 540-2 

Design development, 110-2. 110-8 

Design process. 110-2 

Details (see Construction details) 

Detention basins, 320-24. 330-37, 330-4B. 640-9 

Devices (see Construction details) 

Diaphragm rockfill dams. 420-5 to 420-9 

Difficulty, degree of. and accessibility, 240-2 

Dimension stone, 840-11 

Dimensions (see Spatial standards) 

Disabilities, types of, 240-2 to 240-6 

Discharge, sewage, and water supply, 720-5 

Discus. 520-10 

Displacement, fault, 252 2 

Distribution, light, 540-2 to 540-6, 540-8, 540-11 

for interior plants, 620-2, 620-6 
Disturbed landscapes, 640-1 

landshapmg and stratigraphy. 640-1 1 to 640-12 

maintenance of vegetation, 640-19 

planting. 640-17 to 640-19 

reclamation process. 640-2 to 640-4 

sediment and erosion control. 610-4 to 640-1 1 

surface conditioning, 640-12 to 640-17 
Ditches, rock catchment, 253-7. 253-8, 253-10 to 253-14, 



Docks, 210-15, 210-21. 240-20, 520-12. 520-13. 520-16 

Documents (see Construction documents) 

Dosing chambers, 770-12 

Downhill skiing, 520- 17 to 520-18 

Drainage (see also Stormwater management) 

and accessibility, 240-5. 240-8. 240-20 

and asphalt pavements, B20-3. 820-10 

and construction operations. 130-4. 130-10, 130-11. 130-14, 130-16 
and dams. 420-2 to 420-10. 420-15 to 420-20 
and decks/boardwalks, 460-3 

and fences/screens/walls, 450-2 to 450-5, 450-9, 450-12. 450-17 

and geoteKtiles, 880-2 to 8HO-8 

and grading. 320-2, 320-6 to 320-9. 320-18 to 320-23 

and interior landscapes, 620-8. 620-9 

and landslide prevention. 253-6 to 253-8. 253-10, 253-12 

and land subsidence. 254-2 to 254-8 

and pavements, 440-2 to 440-1 1 

and retaining walls, 410-6 to 410-1 1 

and roof /deck landscapes. 610-2 to 610-12 

and site furnishings. 510-4. 510-5 

and vehicular circulation. 342-16, 342-17, 342-25. 342-26 
and water displays, 530-2, 
construction documents, 110-6, 110-8 

far energy and resource conservation. 220-2. 220-3. 220-6 to 220-8 

soils. 810-8. 810-10 to 810-14, 

to correct expansive soils, 255-5 to 255-8 
Drainage channels. 253-10, 320-16. 320-20, 320-23. 330-27, 330-29. 420-17 
Drainage pipes, 130-10, 130-11. 

tor dams, 420-16 

for roof/deck landscapes. 610-3, 610-4 
Drainage plans, 110-8, 130-14. 320-2 
Drawings (see Construction documents) 

Drinking fountains, 240-3. 240-5. 240-7. 240-19, 240-20, 341-13, 510-9 
Drip/trickle irrigation systems, 750-7 to 750-8, 750-18 to 750-19 
Drivers, vehicle, characteristics of, 342-1 

Driveways. 130-15, 320-13, 341-13. 341-14. 342-24. B10-14, 820-15. 820- 

20, 820-21 
Driving ranges, golf, 520-23 




Earth berms, 320-3, 320-13. 320-21 

Earth shelter strategies, 220-12 

Earthfill against buildings, 320-13 

Earth-moving equipment. 130-10. 130-13. 320-26 

Earth tieback retaining walls. 410-11 

Earthfill embankment dams. 420-4 to 420-8, 420-14. 420-16 
Earthquakes, 252-1 

assessing risks and losses, 252-6 to 252-7 

causes. 252-2 

effects, 252-2 to 252-6 

measurement, 252-2 

planning, design and construction, 252-7 to 252-11 
Earthwork processes, 1 10-7, 130-4 to 130-8, 320-24. 320-29, 320-33 
Easements. 110-3, 110-5, 110-8. 450-3. 450-4 
Edges: 

pavement, 130-14 to 130-15. 440-2, 440-8, 440-10, 440-14. 820- 

3. 820-6, 820-22. 911-1 to 911*2 
pools. 530-12, 530-15. 530-16, 
of roof/deck landscapes, 610-12. 610-14. 
Edging for concrete, 130-14, 341-11, 440-8. 440-9, 830-10, 830-12. 911-1 to 

911-2 

Efficacy, lamp, 540-2, 540-6 to 540-8. 540-11 

Effluent water. 640-14. 720-2 to 720-5, 720-7 to 720-11, 720-14. 720-16, 
750-3 

Egress (see Accessibility) 
Elasticity: 

soil, 810-9, 810-13 

wood. 460-21, 850-3. 850-12 
Electric light for interior plants, 620-2. 620-5 
Electricity, roof/deck landscapes, 610-11 

Elements at Park and Recreation Administration. (Doell & Twardllk), 520-27 
Elevations, spot, 110-3, 110-6. 1 10-8. 320-4 to 320-9. 320-11. 320-29, 
Embankment dams, 330-37, 420-4 to 420-9, 420-14 to 420-17. 420-20 
Embankments, reinforced. 253-11, 410-6 to 410-7, 410-10, 410-23, 920-1 
Emitters, 750-7 

Emulsified asphalt, 820-4, 820-5. 820-7 

End walls tor drainage, 170-16 

Energy and Resource Conservation. 220- 1 
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and construction details. 900-2 

bioclimate fundamentals, 220-5 to 220-13 

site analysis and assessment, 220-2 to 220-3 

site development and layout, 220-3 to 220-5 
Enlargements, plan, 110-8 to 110-9 
Environmental modification of fences/screens/walls, 150-2 
Environmental Protection Agency. U.S., 640-2. 710-19, 720-14, 720-16 
Equestrian facilities. 520-19 to 520-20 
Equipment: 

bulldozers. 130-6 
motor grader. 130-14 
power shovels. 130-8 
scrapers, 130-6 to 130-8 
sheepsfoot compactor, 130-10 
trencher, 130-11 
vibrating roller, 130-10 

Erosion: 

and disturbed landscapes. 640-2 to 640-10. 640-16 to 640-19 

and geotexliles. 880-2 to 880-8 

and landslides, 253-2, 253-6, 253-8, 253-10. 253-16, 

drainage to prevent, 320-20 to 320-24, 330-4. 330-6, 330-8 to 
330-10. 330-29. 330-40, 330-47 

during construction. 130-12, 130-16 
Erosion control (drawings). 110-2 
Evapotranspiration, 720-3 to 720-5, 720-15 
Excavated ponds, 330-6. 330-37. 740-5 
Exercise courses, 520-20, 520-26 
Existing conditions plans, 110-8, 110-9 
Expansive soils. 255-1, 810-7 to 810-9, 810-13 

and construction details, 900-2 

and decks/ board walks, 460-4 

and pavement, 440-10, 

and retaining walls. 410-22, 

and walls, 450-5. 

and water displays, 530-15. 530-16 
causes, 255-2 

estimation of hazard, 255-3 

loss prevention and reduction, 255-4 to 255-9 




Facing brick, 410-16, 470-20. 840-2 to 840-3 
Facings, dam, 420-20 

Failures, ground, 252-2, 252-4 to 252-8, 254 2 
Falling water. 530-3 to 530-4 
Falls, rock (landslides), 253 4 
Fastenings: 

for fences/screen/walls, 450-6, 450-9 

tor pedestrian bridges, 470-22 
Fault displacement 252-2 
Faults. 252-2 to 252-9, 253-4. 253-9 

Federal Highway Administration, 255-9, 330-29, 340-10. 470-24, 640-19, 
820-24, 880-8 

Federal Housing Administration, 240-2, 240-24. 255-6. 255-9, 720-11 

Federal Water Pollution Control Act (1972), 640-2 

Federal Water Pollution Control Act Amendments (1977). 640-2 

Fences: 

construction, 450-5 to 450-10 

construction details. 918-1 to 918-4 

design considerations, 450-3 to 450-5 

purposes, 450-2 to 450-3 

rock catchment, 253-12, 253-13. 

siltation, 880-3, 880-8 

snow. 253-15. 253-16, 
Fiber stress, wood, 850-2, 850-3 
Fiberglass, 870-2 

pools, 530-13 to 530-18, 530-23 610-10 to 610-13 
Fibers, geotextlle, 880-2 to 880-3 
Field games, 210-15, 320-16, 520-4, 914-1 to 914-2 
Field hockey. 320-16, 320-17 to 320-18, 520-11 
Fieldball, 520-11 
Fieldstone, 450-16, 840-9 

Fill operations, 130-8 to 130-10, 130-12 to 130-13. 130-16. 320-32 
Filled land and subsidence, 254-3 
Fillers for concrete, -140-10, 830-9 

Filter drains, 420-4. 420-16. 420-17, 530-23. 610-3 to 610-5, 640-7, 640-9 
Filtration: 

and sewage disposal, 720-2 to 720-6, 
geotextiles lor, 880- 2. 880-6 



pools/fountains. 530-3, 530-17 to 530-18 
of stormwater. 330-44 

of water supply. 710-7, 710-10 to 710-11. 710-17 to 710-18. 
Finish grading (drawings). 110-2, 110-8 
Finishes: 

aluminum. 860-4 to 860-5 
asphalt, 820-7 

concrete. 830-2, 830-8. 830-10 to 830-1 3, 840-1. 840-2, 840 3 
copper, 860-7 

masonry, 840-7, 840-11. 840-15. 840-16, 840-21. 
metal, in general. 860-2 
nickel, 860-9 

plastics and glass. 870-2. 870-7 

steel. 860-8 to 860-9 

(see also Surfacing) 
Fire fighting and water supply, 710-2 to 710-5 
Fire hydrants, 510-13, 710-4, 710-5 
Fire lanes, 450-4 
Fire retardants. wood, 850-19 
Fireplaces, outdoor, 240-19 
Fish and Wildlife Service. U.S.. 640-4, 640-18 
Fish ladders, 420-17 to 420-18 

Fishing, 240-18, 240-20 to 240-21, 240-23. 470-2, 520-15. 520-16 
Fittings, pool/fountain. 530-3. 530-19, 530-24 to 530-25 
Flag football, 520-11 

Flagstone. 320-13, 440-6, 610-12, 840-1 1, 840-15, 910-3 
Flat glass, 870-6 

Flexible construction, retaining walls, 410-7. 410-9, 410-13 
Flexible pavements. 342-20, 342-22 to 342-25. 440-6 to 440-1 1 , 820-10, 
910-1 

Flood protection, 330-3, 330-9, 330-34, 420-2. 420-20 
Floodlights for fountains, 530-26 
Flow failures. 252-4. 252-6 
Flowing water: 

runoff. 320-21, 320-22. 330-34 

water displays. 530-3 to 530-5, 530-8. 530-11. 530-16, 530-29 
Flow rates, water, 530-10. 530-19 
Flows (landslides). 253-5 

Fluorescent lamps, 540-6, 540-9, 620-6 to 620-7 
Fluorocarbons, 870- 2 

Football, 210-13. 320-16 to 320-18, 520-8, 520-11 to 520-12, 520-15, 520- 
24, 520-26. 540-13, 914-1 

Footbridges: 

construction, 470-2 to 470-18 

design considerations, 470-2 

maintenance. 470-21 to 470-23 

prefabricated. 470-20 to 470-21 

erecting. 470-21 

short-span, 470-18 to 470-20 
Footcandles. 341-14. 530-26. 540-2. 540-7 to 540-13. 620-2 
Footings: 

construction of, 110-3, 110-8, 130-2. 130-5, 130-9, 130-10, 
for decks/boardwalks, 460-2, 460-4. 460-15, 460-16 
for fences/screens/walls. 450-2, 450-5 to 450-6. 450-9, 450-12 to 
450-15 

lor pedestrian bridges, 470-8, 470-1 1 . 470-12. 470-16 to 470-17 

for retaining walls. 410-7 to 410-9 
Forest Service, U.S., 240-15, 253-16, 420-2, 640-18 to 640-19 
Formwork for concrete, 130-15, 410-16. 450-13, 470-14, 830-6. 830-10, 880- 
3, 880-5 

Forward spatial bubbles, 340-3, 340-5 
Foundations: 

and earthquakes. 252-2, 252-8 to 252-9 

and expansive soils, 255-2. 255-4 to 255-5, 255-9 

and subsidence. 254-3 to 254-6 

construction of 130-9 

for dams. 420-4 to 420-8. 420-10, 420-14 to 420-17 
for decks/boardwalks, 460-4 

for pedestrian bridges, 470-3 to 470-1 1 , 470-15 to 470-20. 470-23 

to 470-24, 
for retaining walls, 410-3, 410-8 
for walls, 450-5 

Fountains: 

containers, 530-11 to 530-16 
controls, 530-28 to 530-30 
equipment space, 530-17 to 530-18 
lighting, 530-24 to 530-28 
operating systems, 530-16 to 530-20 
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piping, 530-21 to 530-23 

on roof/deck landscapes, 610-10 to 610-1 1 

water for, 530-2 to 530-3 

water effects for, 530-3 to 530-8 
Framing methods for decks/boardwalks, 460 4 
Free-falling water, 530-3 to 530-11, 530-24 
Freeboard: 

for dams, 420-3. 420-5 to 420-7, 420-20, 
for pools. 530-14 to 530-16. 530-23 

Freeway ramps, 341-9 to 341-10 

Freeways, 341-4, 341-9. 342-3 

Frost depth (U.S.), 410-8 

Furniture (see Site furnishings) 




Gabion walls, 410-9 to 410-10. 920-3 
Galvanic corrosion of metals. 860-2 
Gardens, accessibility of, 240-2. 240-13 to 240-14 
Gas removal and land subsidence. 254-7 
Gate*. 240-6, 450-3. 450-5. 450-14 to 450-17 
Gauges, standard, for metals, 860-12 
General Services Administration, U.S.. 240-2 
Geologic conditions: 

and landslide potential. 253-2 

and expansive soils, 255-3 
Geological Survey, U.S., 253-2. 254-2. 255-9. 420-2. 640-4, 710-19 
Geotextlles. 880-1 

and disturbed landscapes. 640-8 to 640-1 1 

applications. 880-5 to 880-8 

basic functions, 880-2 to 880-3 

criteria for selection. 880-5 

for dams. 420-20 

for paving 440-2, 

installation of. 130-11 

materials, 880-3 

properties of. 880-3 to 880-4 
Glare, lighting, 520-12. 540-3, to 540-8, 540-11 
Glass. 870-6 

and interior landscapes, 620-2. 620-5 to 620-7 

block, 870-6 to 870-7 

finishes, 870-7 

flat, 870-6 to 870-7 

properties, 870-6 

recycled for aggregate, 820-3 to 820-6 
types and sizes. 870-6 

use for energy and resource conservation. 220-4 to 220-5, 220-8 
Glazers. concrete, 830-14 
Glue-laminated beams, 850-19, 850-21 
Goal-ln. 520-6 

Golf, 210-13, 210-24. 520-18, 520-19, 520-23, 520-26. 520-27, 

cart paths. 820-20 to 820-21 

courses, 210-24. 520-18 to 520-19. 520-26 
Grades, yard lumber. 850-10 to 850-12 
Gradients: 

for accessibility. 240-5. 240-20, 
for athletic surfaces, 320-17 
for bicycling. 341-3 
for pedestrians, 340-9 
for roadways. 320-13, 320-16 
metric rules for, Appendix-. 1 
Grading, 320-1 

concepts. 320-6 to 320-13 
criteria. 320-13 to 320-24 

earthwork processes, 130-2. 130-4. 130-6. 130-9 to 130-16. 320- 

24 to 320-32 
standards. 320-2 to 320-6 
to minimize landslide potential, 253-2, 253-7 
Grading plans (drawings). 110-2 to 110-3, 110-8 to 110-9. 130-4, 320-12, 

320-33 

Grading alternatives. 220-3. 320-6, 320-15 to 320-16, 320-22 to 320-23 
Graduated difficulty of access, 240-2, 240- 16, 240-22 
Grain, wood. 460-15, 850-2 to 850-10, 850-12. 870-2 
Granite, 254-4, 342-26, 440-6. 510-14, 530-13, 610-12. 840-11 
Graphic symbols, 110-8, 240-6. 240-14 
Grass areas and drainage, 330-3 

Grasses, 130-4. 320-20, 330-49. 420-20, 640-13 to 640-14, 640-17 to 640-19 
Grates, 330-41, 341-1 1 to 341-12. 510-2, 510-13. 870-6 
Gravel (see Aggregates) 



Gravity dams, stability analysis of. 420-10 to 420-13 

Gravity retaining walls, 410-7 to 410-10. 410-13, 410-16 to410-19, 920-2 to 

920-4 
Grease traps, 720-11 

Green retaining walls, 410-10, 410-13 to 410-14, 920-2 

Ground acceleration, 252-4, 252-6, 252-9 

Ground failures. 252-2 to 252-8. 254-2 

Ground shaking, 252-2 to 252-7, 252-11 

Groundwater: 

and landslide potential, 253-2, 253-8, 253-1 1 
as drinking water, 710-5, 710-6. 710-10 to 710-17 
protection from sewage disposal. 720-3 to 720-7. 720-14 
recharge. 330-5, 330-45 

removal and subsidence. 254-2. 254-4. 254-5. 254-7 
Grubbing (drawings), 110-2 
Guardrails. 240-8. 520-25 

Guide for Revegetating Coal Mine Soils, 640-14 
Gutters, 820-22 820-23 




H beams. 470 -19. 860-19 

Hammer throw. 320-17. 520-10 

Hand watering of interior plants, 620-7 

Handball, 210-13. 210-15. 320-17. 520-4, 520-7. 520-26, 540-13 
Handicapped (see Accessibility) 

Handrallings. 240-10, 240-21, 340-3, 340-10 340-11, 460-2. 470-21 to 470-23 
Hangers. 460-3, 460-5, 460-6 
Hardiness zones, plant, 550-3 to 550-4 
Hardwoods, 850-13 to 850-14 

Hazardous plants. 240-9. 240-14. 240-18, 240-23, 550-9 

Hazards, natural (see Natural hazards) 

Headwalls for drainage. 130-11. 320-21 

Hearing impairments, 240-2. 240-5, 240-14 

Heat treatments for expansive soil. 255-6 

Heaving, 255-2 to 255-6. 810-10 

Heritage Conservation and Recreation Service, U.S.. 240-24 
Hierarchy, lighting, 540-3 
High jump, 320-17, 520-10 
High-mast lights, 540-9, 540-11 

High-pressure sodium lamps, 540-6 to 540-9. 620-6 to 620-7 

Highways (see Roads; Vehicular circulation) 

Hiking trails, accessibility of, 240-16 

Historic styles for fences/ screens/walls, 450 -15 

Hockey, 320-16 to 320-18, 520-4. 520- 1 1 . 520- 17 to 520-20. 520-26, 540-13 

Holding tanks, 720-3. 720-6 

Hollow brick. 450-10. 450-12. 840-2, 840-7 

Hollow concrete blocks, 450-10, 840-7, 840-9 

Horizontal illumination, 540-8, 540-11 

Horizontal roadway alignment. 320-16, 342-3. 342 7 342-1 1 

Horseshoes, ^10-13. 520-8. 520-11, 520-26 

Housing and Urban Development Department. U.S.. 240-2. 520-21 

HP shapes, 860-20 

Human comfort, 210-2, 220-2. 220-4 to 220-9. 220-12, 340-4. 440-13, 620-2 
Human dimensions, 210-3 to 210-4. 210-21. 340-3 to 340-4. 510-3 to 510-5 
Humidity for interior plants, 620-2 to 620-3 
Hydrants, 340-2, 340-5, 510-13, 620-7, 710-4, 710-5 
Hydraulics engineering for irrigation, 750-8 to 750-10 
Hydrocompactive soils and land subsidence, 254-8 
Hydrograph, stormwater, 330-9, 330-10 
Hydrologic cycle, 330-2 




I beams, 460 3 860-18 
Ice boating, 520-18 

Ice hockey. 520-17 to 520-18. 520-26, 540-13 

Ice skating. 530-1* 520-26, 530-12, 540-13 

IES Lighting Handbook. 540-4. 540-13 

lllummating Engineering Society. 540 4. 540-13, 540-14 

Illumination (see Lighting) 

Impairments, types of, 240-2, 240-16 

Incandescent lamps, 540-6 to 540-9, 620-6 to 620-7 

Incident illumination. 540-2 

Index sheets. 1 10-8 

Industrial noise, 660-5 

Industrial use and waste contamination, 710-13 to 710-14 
Information displays, 530-24 
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Inlets for drainage, 110-6, 320-7. 330-40. 341-11 
Insect control, 850-5 to 850-7 
Intensity, seismic, 252-3. 252-6 

Interior Department, U.S . 240-24, 420-6, 420-20. 640-18, 640-19, 710-19 
Interior landscapes, 620-1 

physical requirements ot plants, 620-2 to 620-5 

techniques to meet physical requirements, 620-5 to 620-9 

design process. 620-9 to 620-10 

plant palette. 620-10 to 620-13 
Internal loading and land subsidence, 254-2 to 254-3 
International Amateur Athletic Federation. 520-4. 520-27 
International Conference of Building Officials, 460-21 . 830-20 to 830-21 
International Standard (SI) measurement of, 540-2, Appendix- 1 
Illumination, 240-14, 341-14, 342-16, 510-11. 540-2 to 540-14, 620-2. 620-5 
International symbol of access. 740-14, 240-16 
Interpretive trails, accessibility of, 520-20 

Intersections. 341-5. 341-6. 341-9, 341-12 to 341-15, 342-4, 342-17 to 342- 

18, 342-22 to 342-25. 510-2 to 540-4 
Invasive plant species, 550-11 
Iron, 860-7 to 860-8 
Irrigation: 

and roof/deck landscapes, 610-2. 610-7, 610-10 to 610-12 
and interior landscapes. 620-4. 620-7 
design criteria, 750-3 to 750-6 

drip/trickle systems, 750-7 to 750-8, 750-18 to 750-19 

hydraulics engineering. 750-8 lo 750-10 

installation of. 110-8. 110-9, 130-12, 130-13, 130-16 

quick -coupler systems, 750-6 to 750-7 

sprinkler systems. 750-6. 750-11 to 750-18 

water sources. 710-2. 710-4 to 710-5, 710-16, 750-2 to 750-3 




Javelin, 320-17, 520-10 

Jogging, 240-23. 240-24, 520-19. 520-20 

Joinings for fences/screens, 450-9 

Joints: 

for concrete, 830-2. 830-8 to 830-12, 830-15, 830-21 
for masonry, 840-3. 840-5, 840-7. 840-9, B40-11. 840-15, 840-21 
for paving, 440-10. 440-14, 912-1 to 912-2 
for pools/tountains, 530-9 to 530-16, 530-22, 
for retaining walls, 410-3 410-10 to 410-16, 
for walls, 450-7, 450-11 to 450-13, 
JolStS. 130-5, 320-14. 460-2 to 460-4, 460-8, 460-15 




Karst topography, 254-2 lo 254-4 
Kiosks, 240-14, 340-5, 510-8 to 510-10 




Lacrosse, 320-17. 520 11 

Lag bolts. 450-9, 450-10, 460-5 460-7, 460-15. 860-10 to 860-1 1. 860-24 to 
860-25 

Lagoons, 720-3 to 720-6, 720-13, 720-14 
Lakes (see Ponds) 
Lamps (see Lighting) 
Land subsidence. 254-1 

caused by collapsing or hydrocompactive soils, 254-8 

caused by organic soils. 254-8 

caused by removal of subsurface materials. 254-4 to 254-7 

caused by surface or internal loading, 254-3 to 254-4 

determination ol hazard. 254-2 

in permafrost zones. 254-7 to 254-8 

prevention and correction, 254-2 

Land use: 

and disturbed landscapes. 640-2, 640-5, 640-11, 640-17 to 640-19 

and earthquakes, 252-2. 252-7 to 252-8, 252-11 

and landslides, 253-7. 253-14, 253-16 

and sewage disposal, 720-2. 720-4, 720-6. 720-7, 720-15 

and stormwater management, 330-16, 330-25. 330-27, 330-42, 

330-45 
and subsidence, 254-2 

and water supply, 7I0-2, 710-5. 710-10 to 710-13, 710-18 
Landings. 240-5. 240-6, 240-7, 240-10, 340-8 to 340-11. 470-2, 470-9 



Land scapes: 

disturbed. 640-1 

interior, 620-1 

roof/deck, 610-1 
Landshaplng. 640-4. 640-11, 640-17 
Landslides. 253-1 

estimation of 253-2 to 253-7 

loss prevention and reduction. 253-7 to 253-11 

stabilization of rock slopes. 253-10 

stabilization of soil slopes, 253-7 to 253-10 

types of, 253-2 to 253-6 
Lateral spreads. 252-6. 253-4 
Launch facilities, 520-12 to 520-13, 520-16 
Lava flows, 253-9, 254-4 
Lawn bowling, 210-13, 320-17, 520-9. 520-11 
Layout plans, 110-8. 110-9. 130-2. 450-2 
Leaching systems. 720-2 lo 720-15, B10-9 

and water supply. 710-12. 
Learning Impairments, 240-2. 240-6. 240-13 
Legal contract documents, 110 2 
Lifts, bus. 240-11.240-12 
Lighting, 540-1 

and accessibility, 240-2 to 240-3. 240-14. 

and bicycles, 341-13, 341-14, 

and interior landscapes. 620-2. 620-5 to 620 9, 620-12, 620-14 to 

620-17. 
and pedestrians, 340-2, 340-8 
and pool/fountains, 530-18. 530-23 to 530-29 
and recreational/athletic facilities. 520-12, 520-24, 520-25 
distribution. 540-8 
effects. 540-11 

fixtures. 510-2, 510-8, 510-11 

general design principles, 540-3 to 540-6 

lamp characteristics. 540-6 to 540-8 

low voltage systems, 540-14 

metric conversions, 540-2. Appendix-. 1 

photometric charts. 540-8 

plans, 110-5, 110-8 to 110-9 

recommended levels of illumination, 540-12 to 540-14 

terminology, 540-2 to 540-3 
Limestone, 840- 1 1 , 840- 1 5 

and land subsidence. 254-3 lo 254-5 
Liquefaction. 252-4 to 252-7, 253-4 
Liquid asphalts, 620-3 

Load bearing capacity. 410-7, 420-10. 440-8. 470-8, 470-10. 610-2, 880-2 
Loading: 

and decks/boardwalks. 460-3, 460-4. 460-7, 460-15, 460-21 
and geotextile reinforcement, 880-3, 880-6 
and land subsidence. 254-2, 254-3 
and pavements, 440-2. 440-3. 440-6 to 440-13 
and pedestrian bridges, 470-2, 470-4, 470-5, 470-8 to 470-11. 
470-18 

and roof/deck landscapes, 610-2, 610-6, 610-7 
Local streets, 320-16, 342-2 to 342-4. 510-3 
Locks, bicycle. 341-13 
Log footbridges, 470-18 lo 470-19 
Long jump, 320-17, 520-12 to 520-13 
Loss of bearing strength, 252-8 

Low-pressure sodium lamps, 540-6. 540-8, 620-6 to 620-7 

Low voltage lighting, 540-14 

Luge courses, 520-18 

Lumber (see Wood) 

Lumens, 540-2. 620-2, 620-6 

Luminaires. 341-14, 540-1, 540-3, 540-4 

Lux, 540-2. 620-2, 620-6, Appendix- 1, Appendix - 4 




M shapes, 860-20 
Macadam. 342-24, 820-3, 
Machine bolts, 860-11. 860-25 
Magnitude, seismic. 252-6 to 252-8 
Maintenance: 

for athletic/recreational facilities, 520-4, 520-12. 520-25 to 520-26 

for bikeways, 341-11 to 341-15 

for dams, 420-3, 420-8, 420-10, 420-18, 420-20 

for decks/boardwalks, 460-2, 460-5 to 460-6 

for disturbed landscapes, 640-4, 640-19 

for fences/screens/walls. 450-2, 450-4 to 450-9, 450-14 to 450-15 
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lor interior landscapes, 620-3 to 620-7, 620-9. 620-10 

tor lighting, 540-2. 540-6, 540-7, 540-9, 540-11 

for pedestrian bridges. 470-6. 470-18, 470-19, 470-21 to 470-22 

tor pools/fountains, 530-3. 530-10, 530-11, 530-17 to 530-21, 

530-23, to 530-28. 
for retaining walls 410-3, 410-6 to 410-7, 410-23 
for roof/deck landscapes, 610-12, 610-14 to 610-15 
for sewage disposal systems, 720-3. 720-5. 720-6. 720-8, 720-14, 
for site furnishings. 510-3, 510-6, 510-7 
for surfacing and paving, 440-2 to 440-8. 440 -10 to 440-14 

Management, 110-2. 130-4, 130-9, 130-11. 130-14 to 130-16 

Manhole cowers, 510-13 

Manholes. 110-3. 320-9, 330-33 to 330-34. 510-6. 510-13, 720-3. 720-6 
Manning formula. 330-11, 330-16. 330-25, 330-27 
Manual impairments, 240-2, 240-5 
Manual Irrigation systems. 750-6 

Manual on Uniform Traffic Control Devices, 341-11, 341-15 
Maps: 

of avalanche microzonation, 253-15, 

of design rainfall events (U.S.) 330-15 to 330-18. 

of frost depths (U S.) 410-7 

of general climate zones, 220-2, 

of major tectonic plates. 252-3, 

of seismic activity. 252-4 
Marathons, 520-20 
Marble. 840-11. 840-15 
Masonry, 840-1 

clay. 840-2 to 840-7 

cleaning, 840-21 

concrete. 840-7 to 840-9 

for darns, 420-3 to 420-4, 420-7 to 420-9, 420-15 lo 420-17 
for decks/boardwalks, 460-4, 460-7, 
for paving, 440-6, 440-10, 

for pedestrian bridges. 470-13, 470-19, 470-20. 470-25 

for retaining walls, 410-6 to 410-7. 410-9 to 410-10, 410-13. 410- 
15 to 410-16. 410-23, 

for walls, 450-4 to 450-16, 

mortar and reinforcement, 840-15 to 840-21 

stone. 840-9 to 840-15 
Master planning, 110-2 
Materials: 

asphalt, 820-1 

concrete, 830-1 

geotexliles. 880-1 

masonry. 840-1 

metals. 860- 1 

plastics and glass. 870-1 

soils and aggregates, 810-1 

wood, 850-1 
Materials plans, 110-8, 470-6 
Mats. geotextJIe. 110-12, 640-11, 880-1 to 880-8 
Mercalli earthquake intensity scale, 252-2 
Mercury vapor lamps. 540-7, 540-9. 620-6 
Metal hallde lamps, 540-7 to 540-9, 620-6 to 620-7 
Metal screws, 450-10. 460-7, 470-23, 860-10. 860-24 to 860 25 
Metals. 860-1 

aluminum. 860-3 to 860-4 

basic properties. 860-2 to 860-3 

copper, 860-5 to 860-7 

Iron, 860-7 to 860-8 

nickel, 860-9 

steel. 860-8 to 860-9 
Metric Conversion Act, Appendix . 1 
Metric conversion guidelines, Appendix-. 1 

conversion and rounding. Appendix-.2 

drawing scales. Appendix-,2 

drawing sizes, Appendix-. 2 

factors for conversion, Appendix-. 4 

rules for angles and slopes, Appendix-. 3 

rules for area. Appendix- 3 

rules for linear measurement (length), Appendix . 3 

rules for structural calculations. Appendix-. 3 

rules for volume and fluid capacity, Appendix . 3 

rules for writing symbols and names, Appendix-. 1 

specifications, Appendix . 2 
Microclimate control, 220-6, 240-12, 341-15, 450-3 
Mining and land subsidence, 254-2 
Minnesota Department of Natural Resources, 240-17 
Mobility impairments, 240-2. 240-5. 240-10, 240-13. 240-16. 240-23 



Moisture content, wood, 850-2 to 850-3, 850-7 
Monolithic pavements, 440-6 to 440-7, 440-14. 910-1 
Monumental stone, 840-1 1 
Moonlighting, 540-10 to 540-11 

Mortar, 440-11, 450-11 to 450-13, 470-20. 830-7. 830-B. 830-15.840-3 to 

940-11. 840-15, 840-21 
Motor camping. 520-21 

Moving water, 530-2 to 530-4, 530-1 1. 530-13 
Mulches and reclamation, 640-16 to 640-17 
Multipurpose athletic field complexes. 520-8 




Nails. 450-8 to 450-9, 450-15, 460-5 to 460-7, 470-23, 850-14. 860-10, 860-23 
National Collegiate Athletic Association. 320-13. 520-4, 520-27 
National Environmental Policy Act (1969), 640-2 

National Federation of State High School Athletic Associations, 520-4, 520-27 

National Fire Protection Association. 460-21. 520-12 

National Housing Act (Canada), 660-4 to 660-5 

National Park Service. 240-24. 520-3. 520-26. 810-14 

Native regrowth, 640-18 

Natural hazards: 

earthquakes. 252-1 

expansive soils, 255-1 

land subsidence. 254-1 

landslides and snow avalanches, 253-1 
Natural Resource Conservation Service, U.S., 420-2, 640-18, 710-10 
Nature trails, 520 19. 520-20 
New Soil Taxonomy. 810-3. 810-4, 810-7, 810-14 
New Zealand, earthquakes in. 252-9 
Nickel, 860-9 

Nitrates, removal of, 720-4 

Nitrogen In soil. 610-3, 610-7, 640-4. 640-12. 640-15, 640-16 

Noise. 240-12, 240-13, 240-20. 450-2, 450-3. 510-1, 510-5, 520-12. 520-23. 

530-2, 660-3, 820-3. 820-6 
Noise control. 660-1. 660-5 to 660-8 

physics of sound. 660-2 to 660-3 

noise estimations, 660-3 lo 660-5 

standards, 660-5 

design principles. 660-8 to 660-10 
design application (case studies). 660-10 to 660-13 
maintenance, 660-13 to 660-16 
Nordic skiing. 520-17 

Noxious plants. 240-23. 550-3, 550-9, 550-11 
Nursery stock, standards for, 550-12 



o 



Object Illumination, 540-2, 540-6 

Office of Surface Mining. U.S.. 640-2 

Oil removal and land subsidence, 254-7 

Oilborne wood preservatives. 850-19. 850-21. 850-22 

Olympics, 520-27 

Open abutments. 420-17, 470-9. 470-12 

Open drainage channels, 420-17, 640-9 

Operations, (see Construction operations) 

Organic deposits In water supply, 710-12 to 710-13, 710-18 

Organic soils and land subsidence, 254-8 

Organlied camping, (see also Camping). 520-21 

Outdoor accessibility (see Accessibility) 

Outdoor lighting (see Lighting) 

Outlets of dams, 420-18 to 420-20 

Overflow of dams, 420-7 to 420-10, 420-16. 420-17 

Overpasses. 341-8. 341-9, 540-12 




Package plants. 110-4. 720-3, 720-5, 720-6, 720-13, 720-14 
Paddle tennis, 210-15, 320-17, 520-6, 520-7, 520-26 
Parking. 342-3. 342-5. 342-17. 342-18. 342-20, 342-24. 342-26. 
aggregates for. 810-14. 

and accessibility. 240-2. 240-3, 240-7 to 240-11. 240-13, 240-14, 

240-18, 240-20 to 240-24. 
and bicycle circulation, 341-12, 341-13 
and pedestnan circulation, 340-2, 340-4, 340-5 
and stormwater management. 330-9, 330-27, 330-37. 330-45. 

330-49 
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asphalt for. 820-15. 820-20. 820-21 , 820-23 

for athletic/recreational facilities. 520-4. 520-8, 520-12, 520-16. 

520-2 520-23, 520-24. 
grading for, 320-7. 320-11, 320-13. 320-23 to 320-27 
site furnishings for. 510-3, 

spatial standards for, 210-7. 210-8. 210-12 to 210-16. 210-24, 

surfacing, for, 440-2. 440-4, 440-6 

lighting for. 540-4, 540-9, 540-11, 540-12 
Parks, accessibility of, 240-2. 240-23 
Parkways, 342-3 
Particleboard. 850-15 

Passenger loading lones, accessibility of, 240-8 

Passive lagoons, 720-5, 720-6 

Pathways (see Walkways) 

Patterned glass, 870-6, 870-8 

Patterns, concrete, 830-8. 830-10, 830-12. 830-18 

Paving. 440-1 

aggregates for. 810-14, 

and accessibility, 240-5, 240-8, 240-10. 240-20. 240-21 

and geotextiles, 880-5 

asphalt. 820-10 to 820-22 

concrete. 830-8, 830-12, 830 15 

for bikeways, 341-11, 341-13. 

for pedestrian circulations. 340-2, 340-6 

for roof/deck landscapes, 610-2. 610-4. 610-5. 610-10 to 610-12, 
basic components, 440 2 to 440-10 
construction details, 910-1 to 910-5 
design criteria, 440-10 to 44-14 
installation of, 130-5, 130-14, 130-15 

masonry, 840-2, 840-3, 840-6. 840-7. 840-9, 840-11, 840-15 
material selection, 440-14 
porous, 330-49 

Peat, 620-8 

Pedestrian bridges (see Footbridges) 
Pedestrian circulation, 340-1 

handlings, 340-10 

pathway widths, 340-5 to 340 6 

physical characteristics of pedestrians. 340-3 to 340-4 

ramps, 340-9 

seating criteria, 340-9 to 340 10 

stairways. 340-6 to 340-9 
Pergolas, 220-8, 510-8. 610-10 
Perlite, 610-9. 620-8 
Permafrost and land subsidence, 254-8 
Permeability, soil, 720-5 to 720-11. 810-7 to 810-1 1 , 810-13 
Permits, 130-12,450-4 
pH levels of soil. 640-3. 810-11 to 810-12 
Phosphates, control of, 710-18, 740-5. 740-6 
Physically handicapped (see Accessibility) 
Physiography and site furniture, 510-2 to 510-3 
Picnicking, 240-18 to 240-19. 240-23. 520-20 to 520-22 
Piers: 

for expansive soils, 255-4 to 255-6, 

for pedestrian bridges, 470-5. 470-8, 470-10 to 470-19, 470-22 

Piles: 

for land subsidence, 254-4 

for expansive soils. 255-5, 255-7 

for pedestrian bridges. 470-8, 470-11. 470-12. 470-15 
Ping-Pong. 520-25 
Piping: 

and earth dams, 420-14 to 420-17 

and landslides, 253-6, 

and subsidence, 254-5 to 254-7 

for irrigation. 750-8 to 750-9. 750-15 to 750-16 

for pools/fountains. 530-3, 530-17 to 530-24, 530-29 

for roof/deck landscapes. 610-6 to 610-7, 610-10 

for water supply, 710-2 

geotextiles to prevent, 880-3 to B80-7 
Pistol ranges, 520-26 
Pits, tree, 130-2. 130-15, 620-8 to 620 9 
Plan enlargements, 110-8 to 110-9 
Plank-and-beam framing, 460-2 to 460-5 
Planning process, 220-2, 253-2, 320-2, 342-2. 640-2 
Plans, 110-8. 110-9, 130-2, 130-5, 130-14 
Plant spacing chart, 550-12 
Planters, 460-2, 460-7. 510-14, 

geotextiles for. 880-2, 880-4 

in interior landscapes, 620-8. 620-9. 620-13, 
Plants and Planting, 550-1 



and accessibility. 240-12, 240-14, 
and bikeways, 341-14 to 341-15 

and disturbed landscapes, 640-4, 640-9, 640-12, 640-15, to 640-19 

and fences/screens/walls, 450-2 to 450-4, 450-17, 

and grading, 320-24, 320-28, 320-31 

and interior landscapes. 620-3 to 620-4, 620-6 to 620-13 

and landslide preventions, 253-8. 253-11 

and roof/deck landscapes. 610-2 to 610-11, 610-14, 610-15 

and site furnishings, 510-2, 510-14 

and soil, 810-13 

design criteria, 550-2 to 550-4 

details, 923-1 to 923-6 

lor bioengineering, 550-19 

for energy and resource conservation, 220-2, 220-4 to 220-8 
hardiness rones, 550-3 to 550-4 
plans and schedules, 110-8, 110-9, 550-6 to 550-12 
protecting existing plant materials, 550-5 to 550-6 
operations, 110-2, 110-4. 130-15 to 130-16 
techniques, 550-6 to 550-10 
urban forestry, 550-19 
xerlscaping. 550-13 to 550-19 
(See also Soil, Trees and shrubs) 
Plaques. 510 1 3 570-21 

Plasticity, soil. 255-3. 255-7, 420-18. 810-7 to 810-10. 810-13 
Plastics, 870-1 

properties. 870-2 

range of products available for landscape design, 870-6 

types, 870-2 
Plates. 460-5 to 460-7 
Platform framing, 460-2 to 460-5 
Platform tennis. 520-5, 520-7, 520-26 

Playgrounds, 210-15. 240-2. 240-22. 240-23, 520-25, 520-26 
Plywood, 450-8, 450-14 to 450-16. 830-6, 850-13 to 850-18, 850-21 
Pole vault, 320-17, 520-12 to 520-13 
Police surveillance. 450-4 

Pollution, 220-3, 330-4. 330-5. 330-45. 420-18, 640-2. 710-7, 710-10. 710- 
19, 720-16. 740-6, 810-13, 820-4, 840-11. 840-15, 850-2, 880-8 
Polo, 520-11. 520-15, 520-17 
Polyesters, 870-2 

Polyethylene. 330-34, 420-16, 640-7. 640-10, 720-14, 870-6. 880-2 to 880-3 
Polyvinyl chloride, 330-33 to 330-34. 530-21, 640-10 to 640- 1 1 . 880-2 to 
880-3 

Ponds: 

construction details, 927-1 to 927-3 
lor Irrigation. 750-3 

for recreational/athletic facilities. 520-15 to 520-19, 520-27, 740-2 
to 740-5 

for sewage disposal. 720-4 to 720-6, 720-11 to 720-14. 

for stormwater management, 330-2, 330-4 to 330-6, 330-9. 330- 
19. 330-29. 330-37 to 330-38, 330-47 to 330-49 

for water displays, 530-8, 530-12 to 530-15 

for water supply. 710-5, 710-7, 710-11.710-14, 710-15. 
Pools. 530-1 

construction details, 926-1 to 926-3 

controls. 530-28 to 530-30 

effects, 530-3 to 530-11 

equipment and piping. 530-20 to 530-24 

for roof/deck landscapes. 610-10 to 610-12, 

lighting for 530-24 to 530-28 

operating systems. 530-16 to 530-20 

purpose of. 530-2 

water for. 530-2 to 530-3 

structures. 530-11 to 530-16 
Portal structures. 470-?. 470-16 

Portland cement, 470-20. 810-3. 830-2 to 830-3, 830-15. 830-20. 830-21, 

840-15. 840-21, 840-24 
Postal Service. U.S., 240-2 
Posts: 

for decks/boardwalks. 460-2 to 460-4. 460-7 to 460-9, 460-14, 
460-15 

for fences/screens/walls. 450-2, 450-4 to 450-10, 450-14. 450-15 

for footbridges, 470-19, 470-23 

on root/deck landscapes. 610-12 to 610-13 
Precipitation (see Rainfall) 
Prefabricated footbridges. 470-3, 470-6, 470-18 
Preliminary surveying (drawings). 110-2 

Preservatives, wood, 450-6 to 450-7. 450-9. 460-6, 850-3 to 850-4, 850-1 3 

to 850-14, 850-19. 850-21 to 850-23 
Pressure, water, 330-29, 420-8. 420-11 to 420-13, 530-2 to 530-3, 530-20. 
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530-29. 610-11. 710-4, 710-7. 720-13 
Prewettlng for expansive soil, 255-8 
Pricing, 130-1 

Privacy, 340-4, 450-2 to 450-3, 460-7 
Profiles, road, 1 10-8 to 1 10-9, 320-9 
Project organization, 130-4 
Project planning, 110-2, 720-16 

Proprietary surfaces, 130-15. 440-13 to 440-14, 820-2. 820-22 
Protection: 

of metals (see Finishes) 
of plants, 550-5 to 550-6 
Pumps. 530-16. 530-18, 530-20. 530-21, 530-24. 530-29. 720-14 



Quick-coupler Irrigation systems, 750-6 to 750-7 
Quoits, 320-17. 520-8, 520-11 




Racks, bicycle, 341-13 

Racquetball, 520-4, 520-7, 520-26, 540-13 

Railings (see Hand railings) 

Ralnfall:(see also: Drainage; Stormwater management) 

and disturbed landscapes, 640-4, 640-8 

and landslides. 253-2, 253-6 

and recreational water bodies. 740-3 to 740-5 

and water supply, 710-4 to 710-15. 710-17, 

for irrigation, 750-3 

maps for U.S., 330-15 to 330-18 

runoff rate 330-9 to 330-27 

Ramps: 

accessibility of, 240-2 to 240-5, 240-8, 240-10. 240-1 1 , 240-20 to 

240-23 
and bicycles, 341-9. 341-10 
and decks/boardwalks. 460-5 
and pedestrian circulations. 340-9 to 340-1 1. 340-13 
gradients for. 320-21 to 320-22 

Range sports, 210-13, 520-4. 520-23 
Rating levels, sound. 660-5 

Rational method, 330-9, 330-11, 330-23, 330-25, 330-33, 330-37 to 330-40 
Reclamation, 640-2 to 640-4, 640-1 1 to 640-19 
Recreational and athletic facilities. 520-1 

camping and picknicking, 520-21 to 520-23 
court games. 520-4 
field sports, 520-4 

multipurpose athletic field complexes, 520-8 to 520-12 

range sports. 520-23 

special areas, 520-24 to 520-25 

special courses and areas. 520-19 to 520-21 

spectator facilities, 520-24 

track and field 520-4 to 520-8 

water-based facilities, 520-12 to 520-16 

winter sports activities, 520-17 to 520-18 

tot lots and playgrounds, 520-25 to 520-26 
Red cedar shingles, 850-15, 850-18 to 850-20 
Redwood lumber, 450-8, 460-6. 850-7, 850-19 

Reinforcing bars. 130-15, 450-6. 450-12, 450-13, 450-14. 450-16, 830-4. 

830-7, 830-8 to 830-9. 830-15. 840-15, 840-21. 860-13. 
Relative humidity for interior plants, 620-2 
Removal and land subsidence. 254-2, 254-8 

Reservoirs, 420-2. 420-18, 530-13, 620-7, 640-4, 710-5, 710-7. 710-11. 710- 

17 to 71 0-1 9, 740-2 
Retaining walls, 410 1 

and earthquake design, 252-8 to 252-10 

and expansive soils, 255-4, 255-8. 

batter. 410-9 

construction details, 920-1 to 920-4 
drainage, 410-9. 410-22 to 410-23 
lace treatment, 410-9 to 410-10 
lor landslide stabilization, 253-10 
foundations, 410-8 
geotextiles for. 880-2 to 880-5 
joints, 410-10 

mechanics and design calculations, 410-17 to 410-22 
maintenance, 410-23 
reinforced embankments. 410-10 
rigid retaining walls. 410-13 to 410-16 



selection criteria. 410-6 to 410-7 
subgrade. 410-7 to 410-8 
unit and stack wall systems, 410-10 to 410-13 
uses, 41 0-2 to 41 0-3 
Retrofitting, 660-2 

Richter earthquake magnitude scale, 252-2 
Rifle ranges, '320-26 

Rigid construction, retaining walls, 410-6, to 410-10, 410-13 

Rigid pavements. 342-20, 342-22, 342-24, 440-6 to 440-11. 910-1 

Rivers (see Streams) 

Road profiles/sections, 110-8. 110-9 

Roads: 

aggregates for. 810-14, 

and stormwater management, 330-5, 330-9. 330-45 
asphalt for, 820-2 to 820-3, 820-11 to 820-21. 
design speeds. 342-5 to 342-7 

for athletic/recreation facilities, 520-17 to 520-18, 520-20 
geotextiles tor. 880-8 

grading of. 320-7, 320-9. 320-16, 320-21, 320-29. 320-33 

installation of, 110-3, 110-5, 110-6. 110-8, 130-2, 130-8, 130-12, 
130-14, 130-15 

lighting for, 540-3. 540-4. 540-8, 540-12. 

patterns of, 342-2 to 342-3 

pavement for, 440-6, 440-8, 

protection from landslides, 253-7. 253-13. 253-14 

(sec also Vehicular circulation) 
Rock aggregates for concrete, 810-2 
Rock removal, 110-2, 130-9, 253-10. 253-12, 254-5 
Rock slopes, stabilization of, 253-8, 253-10, 253-16 
Rock-moving equipment. 320-26 
Rockfill dams, 420-5 to 420-7 
Roller skating, 320-17. 520-20, 520-27, 540-13 
Roof landscapes (see Deck landscapes) 
Roque, 520-9, 520-27 
Rossmlller equation. 330-22. 330-25 
Rough grading (drawings), 110-2. 110-3 

Rubble stone. 450-12. 450-14, 450-16. 470-20. 840-11. 840-15 
Rugby, 520-11 

Running, 240 8. 240-15 to 240-16. 320-17, 340-9. 341-9, 341-11.520-6. 

520-21. 520-23, 530-29 
Runoff calculations, stormwater, 330-5, 330-46 




S-shapes, H60-19 
Safety: 

and accessibility. 240-8, 240-10, 240-14, 240-17, 240-18. 240-21 
to 240-23, 

and athletic/recreational facilities, 520-2 to 520-8, 520-11, 520-15. 

520- 1 7, 520-22 to 520-26 
and bicycle circulation. 341-2. 341-4, 341-6, 341-11, 341-13 to 

341- 15 

and dams, 420-2, 420-5, 420-10. 420-13, 420-20 

and decks^ board walks. 460-5, 460-8 

and detention ponds. 330-38 

and earthquake hazards, 252-10 to 252-11 

and fences/screens/walls. 450-3 to 450-5 

and lighting. 540-3. 540-4 

and pedestrian circulation, 340-6, 340-10 

and pools/fountains. 530-15 to 530-18. 530-24, 530-27 to 530-28 
and roof/deck landscapes. 610-2, 610-12, 610-15 
and sewage disposal, 720-2, 720-10 
and site furnishings, 510-3. 510-12 

and vehicular circulation. 342-3, 342-5. 342-16, 342-18, 342-23, 

342- 25 

and water bodies, 740-2. 740-5 

and water supply, 710-2, 710-4 
Sand, 810-6. 810-9, 810-13 to 810-14 
Sand areas, accessible, 240-23 

Sandstone, 253-4, 253-9, 254-4 to 254-7, 450-15, 610-12. 840-11. 840-15 

Sawing, wood, 850-4, 850-7. 850-9. to 850-12 

Schematic grading alternatives. 320 6 

Schematic planning/design, 330-6, 330-7 

Scotland, footbridges In, 470-9. 470-10, 470-24 

Scour. 330-40, 470-15, 470-17. 470-18. 640-6 

Screen plantings, 210-8 

Screens: 

construction, 450-5 to 450-9 

design considerations, 450-3 to 450-5 
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purposes, 150-2 

Screws, 450-9 to 450-10. 450-15, 460-7, 460-15, 470-23, 860-10 to 860-13 

860-24 to 860-25 
Sealers, concrete. 830-14 
Seasonal site furniture, 510-2 to 510-3, 510-14 

Seating, 240-3. 240-7 to 240-10, 240-15. 240-19. 240-20, 240-22, 240-23, 

340-9 to 340-12, 510-7 to 510-8. 510-14 
SeatwaJIs. 340-3. 340-1 1 , 510-7, 921-1 to 921-2 
Seawater near water supply, 710-11 to 710-12 
Security, lighting for, 540-3 to 540-5 

Sediment control. 330-38, 330-40 to 130-42, 330-47. 640-4 to 640-8, 640-19, 

740-5, 880-7 
Sedimentation ponds. 330-38, 330-47, 740-5 
Seeding, methods ot, 640-15 to 640-16, 640-18 
Seeding (drawings). 110-2 
Seepage areas. 253-9, 253-11, 610-4. 720-7 
Seepage pits, 720-7 

Seismic hazards, 252-3 to 252-8, 252-11 
Seismic Intensity, 252-3. 252-6 
Seismic magnitude. 252-6 to 252-8 
Seismic waves. 252-4 to 252-10 
Seismic zones. 252-7 to 252-9 
Seismicity maps, 252-4 

Sensory stimuli, pedestrian environments, 340-3 

Separation, geotextiles for, 640-10, 880-2 

Separators, bikeway, 341-14 

Septic tanks, 720-3, 720-5 to 720-11, 720-14 

Sequencing, fountain, 530-30 

Settlement: 

and land subsidence. 254-3 to 254-5, 254-8, 
dams. 420-3. 420-5 to 420-10, 420-13 to 420-14 
Sewage disposal: 

and water supply, 710-12. 710-13 
evapotranspiration systems, 720-15 
lagoons. 720-13 to 720-14 
package plants. 720-14 

septic tanks and leaching systems, 720-7 to 720-13 

surface water discharge. 720-15 to 720-16 

system processes, 720-2 
Shade and roof/deck landscapes, 610-6 
Shakes, 850-5, 850-13. 850-15. 850 18 to 850-21 
Shape accentuation, lighting for. 540-6 
Shear keys, 470-12, 470-16 
Sheds for avalanche protection, 253-14 
Sheet plastic. 870-2. 870-5 
Sheets, index/cover. 110-8 

Shelters, 110-7, 240-11 to 240-12, 240-17 to 240-20. 510-8 

Shingles, 850-13, 850-15. 850-18 to 850-20 

Short-span footbridges, 470-3, 470-9, 470-18 

Shot put, 320-17. 520-10 

Shoulders. 320-13, 320 21, 342-22, 342-23 

Shrubs (see Trees and shrubs) 

Shuffleboard, 210-13, 320-17, 520 5, 520-7. 520-27. 540-13 
SI {International Standard) measurement. Appendix-. 1 
Side slopes of dams, 420-4, 420-5. 420-17 
Sight distance: 

bicycles. 341-4 to 341-6. 341-12 

vehicles. 342-4 to 342-8, 342-11 to 342-12, 342-15 to 342-23, 
342-25 

Signage, 510-2. 510-5, 510-10. 

accessibility of, 240-2 to 240-8, 240-13 to 240-18, 240-23 to 240-24 

for bicycles, 341-12 to 341 13. 

for pedestrians. 340-2 to 340-4, 340-10. 340-13 

lighting for, 540-5. 540-8 
Silhouette lighting, 540-8. 540-10. 540-11 
Sinkholes, 254-2. 254-4 

Site construction operations (see Construction operations) 
Site details (see Construction details) 
Site drainage (see Drainage; Stormwater management) 
Site furnishings, 510-1 

and accessibility, 240-8, 

climate. 510-3 to 510-4 

convenience elements, 510-9 

cultural factors, 510-1 to 510-3 

For pedestrians, 340-2, 340-9 

for roof/deck landscapes, 610-10 

information. 510-10 

lighting, 510-11 (see also. Lighting) 

seating, 510-7 



shelters. 510-8 

special features. 510-14 

traffic control and protection, 510-12 

utilities, 510-13 
Site grading plans. 110-8 to 110-9, 130-2, 320-2. 320-26 
Site layout. 110-4 to 110-5, 110-8 to 110-9, 130-2. 130-5, 130-13 

for energy and resource conservation. 220-3, 220-4 

for vehicular circulation, 342-3. 342-18 

for site furnishings, 510-5, 510-14 

for sewage disposal, 720-9, 720-11 
Site plans, 110-8. 110-9, 130-2. 130-5, 254-2. 320-2, 320-26, 330-5, 342-18, 
470-6 

Site preparation. 110-8. 110-11, 130-2, 130-4 to 130-6. 130-10 

Site preparation plans, 130-2, 130-5 

Site sections, 110-7 to 110-9 

Site surveys, 130-4. 330-6. 420-2, 640-4 

Site use concepts, 220-3 

Site utilities (see Utilities) 

Sizes, yard lumber. 850-12 to 850-13 

Sizing of wood members. 460-2, 460-3, 460-7, 850-3 

Skating, 320-17, 520-18, 520-20, 520-26, 520-27, 530-12, 540-13 

Skiing. 253-14, 520-17. 520-18, 520-27 

Skylights, 620-4 to 620-6 

Slate, 254-5, 320-13, 610-12, 640-13. 840-11, 840-15 
Slides (see Landslides) 
Slime, diatomaceous. 750-7 
Slope(s): 

and accessibility, 240-15. 240-16, 240-19, 240-21 
stabilization of. 253-2, 253-9. 253-10, 253-16 
and grading. 320-23 

and stormwater runoff, 330-3. 330-16. 330-27, 330-28, 330-38 
and disturbed landscapes, 640-4, 640-7, 640-8. 640-19 

Small storm hydrology, 330-2, 330-9, 330-25, 330-27. 330-49 

Snap-valve Irrigation systems, 750-14 

Snow and site furniture. 510-4 to 510-5 

Snow fences, 253-12 to 253-16, 340-3, 450-3 

Snowmoblllng, 520-17, 520-27 

Snowslides (see Avalanches) 

Soccer, 210-13, 210-15, 320-16 to 320-18. 520-4, 520-8. 520-11 to 540-1 3 

Sodium in soli, 610-7, 640-15 

Sodium lamps, 540-6 to 540-9, 620-6 to 620-7 

Softball, 210 13. 320-13. 320-17, 520-8. 520-14, 520-27, 540-13 

Softwoods. 850-2 to 850-10, 850-13 to 850-14 

Soil, 810-1 

and asphalt pavements. 820-10 to 820-11. 820-14. 820-21 to 820-22 
and concrete, 830-2, 830-6, 830-15 

and dams, 420-2. 420-6. 420-10, 420-14. 420-17, 420-18, 420-20 

and disturbed landscapes, 640-2 to 640-19. 

and geotextile reinforcement, 880-2 to 880-8 

and grading, 320-3, 320-13, 320-16, 320-17, 320-20 to 320-33 

and Irrigation. 750-4 

and landslides, 253-2, 253-5. 253-7 to 253-12, 253-16 

and land subsidence, 254-3. 254-6 to 254-8 

and masonry, 840-15 

and paving, 440-2. 440-7 to 440-10 

and planting, 550-14 

and retaining walls, 410-2, 410-3. 410-6 to 410-1 1 , 410-13, 410- 

16 to 410-18, 410-20, 410-22, 410-23 
and sewage disposal. 720-3 to 720-14, 720-16 
and site operations. 130-2, 130-4, 130-6 to 130-16 
and stormwater runoff. 330-3 to 330-7. 330-11.330-19. 330-23, 

330-38. 330-45 to 330-49 
and water supply. 710-6. 710-11 lo 710-14. 710-16, 710-18, 710-19 
classification systems. 810-2 to 810-7 
for interior landscapes, 620-3. 620-4, 620-7 to 620-9 
for roof/deck landscapes, 610-3. 610-6 to 610-14 
expansive. 255-1 to 255-9 
properties of, 810-7 to 810-13 
(see also Plants and planting; Trees and shrubs) 
Soil cement, 341-11.420-20. 810-3, 8.30-2, 830-15 

Soil Conservation Service. U S (See Natural Resource Conservation Service, U.S.) 

Soil profiles, 320-26, 640-4. 810-2 

Soil swelling, drainage to minimize. 255-6 

Solar access, 220-9 to 220-1 1 

Solid concrete blocks, 840-7, 840-9 

Solution mining and land subsidence. 254-5 

Sound control, 660- 1 

case studies. 660- 1 to 660- 1 3 

design principles, 660-8 to 660-10 
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estimations, 660-3 to 660-5 
maintenance, 660-13 to 660-16 
noise, 660-3 

physics of sound, 660-2 to 660-3 
standards, 660-5 
techniques, 660-5 to 660-8 
Sound waves, 660-2 

Southern Building Code Congress, 460-21 

Span tables, for decks, 460-7, 460-8, 460-11 to 460-15 

Spatial standards, 210-1 

area/parking requirements.. 210-8 to 210-21 

human dimensions, 210-2 to 210-4. 340-2 to 340-3, 340-5, 340-11 

vehicular dimensions, 210-4 to 210-8, 342-18 

athletic/recreation facilities. 520-13, 520-21. 520-24 
Special Olympics, 520 27 

Special recreational/athletic facilities, 520-19, 520-24 
Special site furniture. 510-2, 510-3. 510-14 
Specifications, 110-2. 110-8 to 110-16, Appendix- 2 
Spectator facilities, 520-24 
Speed: 

avalanche. 253-16 

bicycles. 341 -4 to 341 -6, 341-13 

landslide, 253-12 

pedestrians, 340-4 to 340-7 

stormwater flow. 330-7, 330-8 

vehicles, 342-2 to 342-25 
Speed skating, 520-18, 520-27 
Speedball, 320-17, 520-11 

Spillways, 330-9, 330-38, 330-40, 330-44, 420-7, 420-11, 420-17, 420-18, 
710-19 

Sports (see Recreational and athletic facilities) 

Spot elevations, 110-3. 110-6, 110-8. 320-4, 320-6 to 320-11 

Spotlighting, 540-10 to 540-11 

Spouting water, 530-3 to 530-5, 530-8 to 530-9 

Spreaders, level. 330-40 

Spreadllghting, 540-10 to 540-11 

Sprinkler Irrigation systems, 610-7. 750-6, 750-11 to 750 -18 
Stability of gravity dams, 420-8, 420-10 to 420-14 
Stadiums, 210-24. 520-24 

Stainless steel, 450-9, 450-10, 460-7, 460-15. 470-18. 530-14, 860-9 
Stairways.(see also Steps) 240-5, 240-8. 240-10. 240-20. 240-22, 340-4. 340- 

6 to 340-11, 540-12 
Standard gauges for metals. 860-11 
Steel, 860-8 to 860-9 
Steel formula, 330-11, 330-16. 330-25 

Steps,(see also stairways) 240-6, 240-10, 240-17, 320-9. 320-24. 320-33. 330- 

27, 330-29, 340-8,340-11.916-1 to 916-3 
Still water. 530-3 to 530-4, 530-8 to 530-11, 530-13 to 530-14, 710-15 
Stock, metal, 450-9. 860-10, 860-13 to 860-26 
Stockpiling, topsoil (drawings), 110-2 to 110-3 
Stone:(see also Stone walls) 

and site furnishings. 510-12. 520-20 

for dams, 420-3,420-7,420-20 

for paving, 440-2, 440-6 to 440-10 

for pedestrian bndges, 470-13. 470-18, 470-20 

for pools/fountains, 530-4. 530-8 to 530-9, 530-13 to 530-16 

masonry, 840-2, 840-9, 840-1 1, 840-13 to 840-21 
Stone chip aggregate, 341-11 
Stone dust/powder, 840-11 
Stone walls, 840-11, 840-14, 840-15. 840-19 

construction details, 919-1. 919-2, 920-1, 920-2 

freestanding. 450-6, 450-12 to 450-17 

geotextiles for, 680-2 

retaining, 410-7, 410-9 to 410-10, 410-16 

seatwalls, 921-1, 921-2 
Storm channels, 330-2. 330-5, 330-9. 330-16. 330-27 to 330-32 
Storm pipes. 130-10, 130-16, 330-33 
Stormwater managemenUSee also Drainage) 330-1 

design procedures, 330-5 to 330-9 

types of systems. 330-3. 330-9 

schematic design, 330-7 to 330-9 

runoff calculations, 330-9 to 330-27 

time of concentration techniques, 330-11 to 330-16 

design storms. 330-10 to 330-11 

steel formula. 330-1 1 . 330-16 

scs runoff curve numbers, 330-16 to 330-19 

scs graphical peak discharge, 330-19 to 330-23 

rational method. 330-23 to 330-25 

small storm hydrology, 330-25 to 330-27 



manning formula, 330-27 to 330-28 

conveyance techniques. 330-27 to 330-34 

culverts, 330-29 

storm sewers, 330-33 to 330-34 

detention basins, 330-34 to 330-40 

flow control techniques, 330-40 to 330-44 

dram inlets. 330-41 to 330-44 

swaJes, 330-28 to 330-32 

mtraUOfl techniques, 330-44 to 330-45 

Infiltration techniques. 330-45 to 330-49 
Strainers. 530-20 to 530-23 
Straps. 253-8, 460-6, 470-18 
Stratigraphy, 640-4. 640-11 
Streams: 

and stormwater management. 330-4 to 330-6, 330-9 

impoundments, 420-17, 740-4, 740-5 

and pedestrian bridges. 470-2. 470-15, 470-19 

and athletic/recreational facilities, 520-15, 520-19 

and water supply, 710-3, 710-5, 710-11, 710-14 to 710-18 

and sewage disposal. 720-6, 720-15 

Street crossings, accessibility of (see Crosswalks) 

Streets (see Roads) 

Stripping, topsoil (drawings), 1 10-2 to 1 10-3 
Structures: 

and earthquakes, 252-2. 252-4 to 252-11 
and energy and resource conservation, 220-2. 220-5 to 220-9. 
220-12 

and expansive soils. 255-2 to 255-8 
and land subsidence. 254-2 to 254-8 

and landslides/avalanches. 253-2. 253-6, 253-8, 253-10 to 253-16 

dams, 420-1 to 420-20] 

decks and boardwalks, 460-1 to 460-21 

pedestrian bridges. 470-1 to 470-25 

protecbng of in roof /deck landscapes, 610-2 

retaining, 410-1 to 410-23 

surfacing and paving, 440-1 to 440-14 

walls, 450-5, 450-10, 450-12, 450-15 
Strutted structures. 470-9. 470-16 
Styrofoam, 610-4, 610-6, 610-8. 620-8. 640-15 

Subbase,(see also Base course) 130-14 to 130-15. 320-23. 320-30, 440-2 to 

440-11, 810-10. 820-7, 820-10 to 820-16. 820-20, 830-6, 830-15. 
880-4 to 880-6 

Subdrainage, 110-B. 440-6. 440-11 

Subgrade: 

for asphalt paving, 820-10 to 820-15, 820-20, 820-22 

for concrete. 830-6 to 830-8, 830-15 

for fences/screens/walls. 450-12 

for paving. 440-2 to 440-3. 440-6 to 440- 1 1 . 440-14 

for retaining walls, 410-7, 410-9, 410-13. 410-22 

geotexlile reinforcement of, 880-4 to 880-6 

in expansive soils, 255-5 

preparation of. 110-3, 130-2 to 130-3. 130-8 to 130-16. 320-3. 
320-26, 320-33. 900-2 
Submersible pumps. 530-18 
Subsidence (see Land subsidence) 
Subsurface leaching. 720-3. 720-9, 720-13 to 720-14 
Subsurface removal and land subsidence, 254-2 
Sumps, 530-23 

Sunlight (see Daylight: Solar access) 

Surface conditioning, 640-4. 640-12, 640-15. 640-17 

Surface drainage of dams, 420-5, 420-17. 710-18. 740-5 

Surface infiltration and sewage disposal, 720-4 

Surface loading and land subsidence, 254-2 to 254-3 

Surface Mining Control and Reclamation Art (1977), 640-2 

Surfaces, paved (see Paving) 

Surfacing: 

aggregate. 810-14 

asphalt, 820-2. 820-7, 820-10, 820-20 to 820-22 

for bicycles. 341-4, 341-11, 341-13. 

for retaining walls, 410-6, 

masonry. 840-2, 840-7. 840-11 

wood. 850-1. 850-4, 850-9 to 850-10 

(see also Finishes; Materials; Paving) 
Surveillance, lighting for, 540-5 
Surveying, preliminary (drawings). 110-2 

Surveys, 130-4, 254-2, 320-29, 330-6. 420-2. 520-2. 640-4, 810-7, 810-14 
Suspension footbridges. 470-8, 470-19, 470-24 

Swales, drainage,(see also. Channels, drainage, Stormwater management) 

320-7 320-16. 320-19. 320-22, 330-27, 410-10. 420-17. 640-8 
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Sweden, outdoor accessibility in, 240-24 

Swimming, 210-24. 240-8. 240-18 to 240-20, 240-23, 330-4. 450-3 to 450-4. 

520-13, 520-15 to 520-16, 520-21, 520-27, 530-15 to 530-16, 

530-23, 530-26, 540-13, 740-2 to 740-5 
Symbols, 110-8, 130-9. 240-6, 240-13. 240-14. 240-16, 810-2, Appendix-. 1, 

Appendix-2 




Table games, 520 4. 520-7. 520-20, 520-25 

Table tennis. 210-13. 320-17. 520-7, 520-20. 520-25 

Tactile warning strips, 240-4, 240-6. 240-8, 240-10 

Technical drawings (see Drawings) 

Tectonic plates, 252-2 to 252-3 

Tees, 860-14 

Telephones, 240 5. 240-7, 340-2 to 340-5. 341-13, 510-9 
Temperature: 

and energy conservation, 220-2. 220-4 to 220-7, 220-11 to 220-12 
and human comfort, 220-8 to 220-9 

and interior plants. 620-2 to 620-3. 620-6 to 620-9. 620-14 to 
620-1 7 metric conversion tor. Appendix- 1, Appendix- 2 
Temporary conditions (drawings), 110-2 

Tennis, 210-13, 210-15. 520-5 to 520-7, 520-20, 520-25 to 520-27 

asphalt tor, 820-20 to 820-23 

grading for. 320-6, 320-16 to 320-18. 

lighting for. 540-13 
Tents, 510-14. 520-21 
Termites, 460-5, 850-5. 850-9 
Terra-cotta, 840-2. 840-7 

Terraces, 110-8. 220-8, 253-14. 320-3. 320-9, 610-2, 710-10, 830-9 

Theaters, outdoor. 520-24 

Thermoplastlcs/thermosets. 870-2 

Tiered transfer platforms, swimming pools, 240-19 

Tile, 110-8, 410-9, 420-16, 450-10, 470-10, 530-8, 530-9. 530-13, 530-23, 

610-11 to 610-14, 840-7 
Tile fields. 110-8 
Timber (see Wood) 

Time of concentration techniques, 330-11 

Tinted glass, 620-2, 620-5 

Toboggan courses. 520-18 

Topographic features, 342-3, 420-2, 810-10 

Topples (landslides), 253-4 

Topsoll, 110-2 to 110-3, 130-4, 130-6, 130-8, 130-12 to 130-16, 320-26. 
320-28, 320-30 to 320-33, 

in disturbed landscapes. 640-2 to 640-6, 640-11. 640-12, 640-15, 
640-17, 640-18 

in Interior landscapes, 620-8, 

in roof/deck landscapes. 610-9, 610-12, 
Topsoll stripping/stockpiling (drawings), 1 10-2 to 110-3 
Tot lots (See Playgrounds) 
Touch football, 210-13, 520-11 
Track and field, 320-17, 440-3. 520-4 to 520-8 
Traffic: 

and accessibility. 240-3, 240-5. 240-6. 240-1 1 , 240-13. 240-14, 
240-23 

and prdcslrun circulation, 340-2 to 340-5. 340-7 

and bicycle circulation. 341-2 to 341-15 

vehicular classification, 342-2 to 342-3 

and paving, 440-3, 440-4, 440-6, 440-10 

and site furnishings. 510-2, 510-5, 510-10. 510-12, 510-13 

and asphalt paving. 820-6. 820-1 1 . 820-14, 820-15. 820-22. 820-23 

noise. 660-3 to 660-4 
Trail planning classification system. 240-16 
Trailers. 130-7. 210-18, 710-2. 720-10 

Trails. 110-2, 240-16, 240-23. 240-24, 341-15, 520-17 to 520-20. 520-22. 

820-21 
Train noise. 660-4 
Transplanting (drawings), 110-2 

Transportation Department U.S.. 240-2, 240-16, 240-24, 341-11, 341-15. 
640-19, 820-24 

Trash receptacles, 110-4. 240-9, 240-11. 240-18, 340-2, 340-5, 341-13, 510-3, 
510-9 

Tree protection (drawings), 1 10-2 
Trees and shrubs: 

and expansive soils, 255-6, 255-8 to 255-9 

and interior landscapes, 620-3 to 620-4, 620-10, 620-13, 620-14 

and irrigation, 750-4 to 750-5 

and lighting. 540-4, 540-8, 540-10 to 540-12 

and roof/deck landscapes. 610 7, 610-9 to 610-15 



and slope stabilizations, 253-8 to 253-10, 

calculating shadows, 220-9 

hardiness zones. 550-3 to 550-4 

in parking lots. 210-8, 210-17, 

installation of, 110-4. 130-15, 550-6 to 550-10 

invasive, 550-11 

planting details. 923-1 to 923-6 
poisonous and allergy-inducing, 550-9 

protection during construction. 110-2, 110-6, 130-13. 320-21 to 
320-25. 550-5 to 550-6 

purposes of, 550-2 

spacing chart. 550-12 

standards for nursery stock, 550-12 

(see also Plants and planting; Soil) 
Trench drains, 253-7 to 253-8, 420-16 
Triple |ump. 520-12 to 520-13 
Tsunamis, 252-2, 252-6 

Tubing, 450 9 to 450-10. 460-7. 860-21, 870-2. 870-6 
Tunnels for avalanche protection, 253 -14 
Turbulence, water, 130-12, 530-7, 530-9, 530-11 
Turf management, 130 15. 550-14 to 550-15 



u 



Unaerated lagoons, 720-3, 720-14 

Underdraln, 330-29. 330-44. 410-13. 530-13 

Underground mining and land subsidence. 254-2 

Underlayments, asphalt. 820-22 to 820-23 

Underlighting, 540-3 to 540-4 

Underpasses, 341-8 to 341-9 

Underwater lighting for fountains, 530-27 

Unified Soil Classification System, 410-7. 450-5, 810-6 to 810-7 

Uniform Federal Accessibility Standards. 240-2. 240-24 

Uniformity ratios, lighting, 540-8 

Unit pavements, 130-14. 130-15,440-3 to 440-8, 440-10, 440-11,440-14, 
820-2, 910-1 

U.S. Geological Survey, 253-2. 254-2, 255-9, 420-2, 640-4, 710-19 
U S. government agencies (see specific name, for example Agriculture 

Department, U.S.) 
Upllghtlng, 530-24, 530-27. 540-8, 540-10 to 540-11, 620-6 
Urban forestry. 550-19 
Utilities, 510-5, 510-13 

and energy and resource conservation, 220-2 to 220-3 

and roof/deck landscapes. 610-2, 610-11 

installation of, 130-4. 130-9 to 130-12, 

irrigation, 750 

plans, 110-3, 110-4, 110-7 to 110-9 
recreational water bodies, 740 
sewage disposal, 720-1 
water supply, 710-1 




Valve boxes, 1 30- 1 3 

Valves, 530-3, 530-10, 530-17 to 530-23 
Vandalism: 

of pedestnan bridges. 470-3, 470-8. 
and site furnishings, 510-3. 510-7, 
lighting to prevent, 540-5. 540-9 
intenor landscapes, 620-4. 620-7, 620-8 
Vegetation (see Plants and plantings Trees and shrubs) 
Vehicular clrculation.fsee also Bicycle circulation: Roads) 342-1 
and bicycle circulation, 341-5. 341-8 
classification systems. 342-2 to 342-3 
cross-sectional elements. 342-16 to 342-17 
design controls, 342-3 to 342-7 
design speed. 342-5 to 342-6 
driver characteristics. 342-4 to 342-5 
horizontal alignment, 342-7 to 342-11 
intersection design elements. 342-17 to 342-18 
parking, 342-18 to 342-20 
pavements and curbs. 342-20 to 342-26 
sight distance, 342-6 to 342-7 
spatial standards, 210-3 to 210-4 
vertical alignment, 342-11 to 342-16 
Vermicullte, 610-9. 620-8. 810-13. 820-22 
Vertical illumination, 342-16, 540-3 to 540-5, 540-8, 540-11 
Vertical roadway alignment, 320-16, 342-3, 342-11, 342-17 
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Vinyls. 870-2 
Visual factors: 

driving, 342-4 to 342-5 
walking. 340-2, 

Visual Impairments. 240-2, 240-4, 240-5, 240-10, 240-13 to 240-18. 240-23 
Volcanic activity and land subsidence, 254-4 
Volleyball, 210-13. 210 15. 520-5. 520 7. 540-13 




Wading pools. 520-15, 530-15 

Walking distances, 240-23. 340-4 to 340-5 

Walkways, 340-2, 340-4, 340-5, 340-6 

accessibility of, 240-3, 240-5 to 240-10, 240-12 

aggregates tor, 810-13 to 810-14, 

asphalt for 820-10, 820-20 to 820-21 

lighting for, 540-5, 540-8, 540-12, 540-14. 

paving for. 440-10.440-13, 
Wall abutments. 420-17, 470-9. 470-14 to 470-17 
Wall lights, 540-9. 540-11 
Walls: 

and energy and resource conservation, 220-5, 220-7 to 220-8 
and accessibility, 240-5 to 240-6. 240-10, 240-13 
and earthquake design. 252-2, 252-8 to 252-10 
brick and concrete. 450-10 to 450-12 
concrete for, 830-6. 830-9 to 830-14 
construction. 450-5 to 450-7. 450-10 to 450-14 
construction details, 919-1 to 919-4 
design considerations, 450-3 to 450-5 

for landslide prevention and protection, 253-9. 253-10, 253-12, 253-14 
for pedestnan bridges, 470-1. 470-9. 470-12 to 470-14, 470-16 to 

470-20. 470-25 
geotextiles tor, 880-2 to 880-3, 880-5 
lighting of 540-12 

masonry, B40-2, 840-7. 840-9. 840-11, 840-15, 840-21 

retaining. 410-1 to 410-23, 920-1 to 920-4 

seat, 921-1 to 921-2 

stone, 450-12 to 450-14 

water, 530-11 
Waste disposal and water supply, 710-12, 710-17 
Water: (see also Drainage; Fountains; Irrigation; Ponds; Pools; Rainfall; 
Stormwater management: Streams) 

and accessibility, 240-7 to 240-8. 240-13. 240-16. 240-18 to 240-23 

and geotextiles. 880-2 to 880-8 

effects. 530-3 to 530-11 

for concrete, 830-2 to 830-10. 830-12, 830-14 to 830-15 

for interior plants, 620-3 to 620-9. 620-12 to 620-13 

for irrigation, 750-2 to 750-3 

for pools/ fountains, 530-2 to 530-3 

for roof/deck landscapes, 610-10 to 610-12 

recreational. 740-1 to 740-6 

Water-based recreational/athletic facilities, 520-12 to 520-21 
Water Jump, 520-12. 520-13 
Water meters, 750-16 

Water pressure, 330-29. 420-8, 420-1 1 to 420-13, 530-3. 530-20, 530-29, 

610-11, 710-4, 710-7, 720-13 
Water quality, protection of, 330-4, 330-5, 330-9, 330-25. 330-34, 640-4. 

720-14, 830-5 
Water supply. 710-1 

and sewage disposal, 720-4, 720-6, 720-8, 720-10, 720-13 
constraints on, 710-11 to 710-14 
for irrigation. 750-2 to 750-3 

for pools/fountains, 530-3. 530-10. 530-18, 530-19. 530-23 

for roof/deck landscapes, 610-11. 

groundwater flow analysis, 710-14 to 710-15 

reservoir design. 710-16 to 710-19 

sources, 710-5 to 710-11 

standards and criteria, 710-2 to 710-5 

well recharge areas. 710-15 to 710-16 

(see also Stormwater management) 
Waterborne wood preservatives. 850-19. 850-22 to 850-23 
Watering times. 750-4 to 750-5 

Waterproofing; 

and expansive soils, 255-7, 
tor pools/fountains. 530-12 to 530-17 
for roof/deck landscapes, 610-2, 610-10. 610-13 
Watersheds. 220-3. 330-2, 330-3, 330-5, 330-7, 330-10, 330-16, 330-22, 
330-23, 640-2, 710-15 



Waterstalrs, 530-24 

Waterwalls. 530-8, 530-9. 530-11, 530-13 to 530-14, 530-16, 530-24 
Waves, seismic. 252-4 to 252-6. 252-8 to 252-10 
Weather (see Climate) 

Weather Service, U.S.. 330-11. 420-2, 640-4 
Weatherablllty. 450-11. 640-3, 840-5, 850-7 
Weathering steels, 860-8 to 860-9 
Welded joints. 860-14, 860-27 

Welded wire fabric. 830-7 to 830-8. 830-21, 860-13. 860-26 
Wells. 254-5. 254-7, 330-2. 330-45, 330-49, 420-16, 420-17, 710-5 to 710- 
17. 720-8. 720-11 

Wheelchairs, 240 5. 240 7 to 240-8, 240-10, 240-13. 240-19 to 240-23. 340- 

9. 340-10, 341-9, 470-2. 470-4, 520-23 to 520-24 
Wildlife habitat, protection of, 330-5. 420-2. 640-11 
Wind: 

and energy and resource conservation. 220-2 to 220-13 
and irrigation. 750-3 to 750-4 

and roof/deck landscapes, 610-6 to 610-7. 610-10, 610-12. 610-14 
and site furnishings, 510-4, 510-5, 510-7, 510-8 
and waler displays, 530-4, 530-6. 530-7 to 530-11, 530-15, 530 
28 to 530-30 

control by fences/screens/walls, 450-3, 450-5 to 450-7. 450-10, 
450-15 

Wing walls, 420-8, 420-9, 470-9, 470-12. 470-13. 470-17 

Winter recreational/athletic activities. 520-17 

Wire: 

for fences/screens/walls. 450-10. 450-12, 450-14, 450-15 

for pools/fountains, 530-13 

for lighting, 540-14, 
Wire fabric, welded, 830-7 to 830-8, 830-21. 860-13, 860-26 
Wired glass. 870-6 to 870-8 
Wood, 850-1 

dams. 420-8 to 420-10 

decks/boardwalks. 460-6 to 460-7 

fences/screens/walls. 450-2. 450-5 to 450-10. 450-12. 450-14 to 
450-17 

formwork for concrete. 830-8 to 830-10 
glue-laminated beams, 850-19 
lumber classification, 850-9 to 850-12 
parlideboard, 850-15 
paving, 440-10, 

pedestrian bridges. 470-2, 470-8. 470-10. 470-18 to 470-19. 470-22 

plywood. 850-13 to 850-15 

properties of. 850-2 to 850-8 

protective treatments. 850-19 to 850 21 

retaining walls, 410-7. 410-13 

shingles and shakes, 850-15 to 850-19 

site furnishings, 510-12. 

standard dimensions. 850-12 to 850-13 
Wood screws. 450-9 to 450-10. 450-15, 460-7, 460-15. 860-10 to 860-13, 

860-24 to 860-25 
Woven fabrics. 880-3, 880-4 
Wrestling, 520-20, 520-25 
Wrought iron, H6U-8 




Xeriscaping, 550-13 to 550-19 

Yard lumber, grades/sizes of. 850-12 to 850-13 

Zoning, natural hazards and, 252-7. 253-7. 254-2 
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Source Notes 



Figure 130-3 Adapted from R Scott Siddens, Walker's Building Estimators 
Reference Book, 23rd ed., Frank R. Walker Company. Lisle, IL, 1989 

Figure 130-4. Adapted from R. Scott Siddens, Walker's 8uilding Estimator's 
Reference Book, 23rd ed,. Fra/ik R. Walker Company. Lisle, IL. 19S9. 

Figure 130-5. Richard C. Ringwald. Meat's Heavy Construction Handbook, R S 
Means Company, Inc , Kingston, MA, 1993. 

Figure 130-6. Richard C Ringwald. Means Heavy Construction Handbook, R.S 
Means Company. Inc . Kingston, MA, 1993. 

Figure 130-7. S.W Nunnally, Cons!rud/on Methods and Management. 
Prentice-Hall, Inc., Englewood Cliffs. NJ, 1993 

Figure 130-8. Richard C. Ringwald, Means Heavy Conduction Handbook. R.S. 
Means Company, Inc., Kingston. MA. 1993. 

Figure 130-9. S.W. Nunnally, Construcf/on Methods and Management. 
Prentice-Hall, Inc., Englewood Cliffs, NJ, 1993 

Figure 130-12. Richard C Ringwald. Means Heavy Construction Handbook. 
U S. Means Company. Inc.. Kingston, MA, 1993. 

Figure 130-13. Richard C. Ringwald, Means Heavy Construction Handbook. 
R S Means Company, Inc . Kingston, MA. 1993. 

Figure 130-14. Richard C. Ringwald, Means Heavy Construction Handbook. 
R.S. Means Company, Inc.. Kingston, MA, 1993. 

Figure 130-15. Sylvia Hollman Fee. Means Landscape Estimating, R.S. Means 
Company, Inc , Kingston. MA, 1987. 

Figure 130-16. Sylvia Hollman Fee, Mean-, Landscape Estimating. R 5. Means 
Company, Inc., Kingston, MA. 1987 

Figure 130-17. Richard C. Ringwald, Means Heavy Conduction Handbook. R.S 
Means Company. Inc.. Kingston, MA, 1993. 

Figure 130-18. Sylvia Hollman Fee, Means Landscape Esiimatmg. R.S. Means 
Company, Inc , Kingston. MA, 1987 

Figure 210-2. Courtesy of Henry Dreytuss Associates. New York. New York; 
from C C. Ramsey and H. R Sleeper, Architectural Graphic Standards, 9th erf, 
John R Hoke (ed ), John Wiley $ Sons, Inc, New York, 1994. 

Figure 210-18. Adapted from C. 0. Ramsey and H. R. Sleeper, Archifecturaf 
Graphic Standards. 9th cd.. John R Hoke (ed ). John Wiley & Sons, Inc, New 
York, 1994. 

Figure 210-19. Adapted from C G Ramsey and H. R. Sleeper, Architectural 
Graphic Standards, 9th ed., John R Hoke led.), John Wiley Si Sons, Inc. New 
York, 1994 



Figure 210-20. Adapted from C G Ramsey and H. R Sleeper. Architectural 
Graphic Standards. 9th ed.. John R. Hoke (ed.), John Wiley & Sons. Inc. New 
York. 1994. 

Figure 210-21. Adapted from C G. Ramsey and H. R Sleeper, Architectural 
Graphic Standards, 9th ed., John R Hoke (ed.), John Wiley & Sons, Inc. New 
York, 1994. 

Figure 210-22. Adapted from C G. Ramsey and H. R Sleeper. Architectural 
Graphic Standards. 9th ed., John R Hoke (ed.), John Wiley & Sons, Inc. New 
York, 1994. 

Figure 210-23. Adapted from C G. Ramsey and H. R Sleeper, Architectural 
Graphic Standards, 9th ed., John R. Hoke (ed.), John Wiley & Sons, Inc, New 
York, 1994. 

Figure 210-27. Adapted from C G. Ramsey and H. R Sleeper, Architectural 
Graphic Standards. 9tli ed., John R. Hoke (ed.), John Wiley 6. Sons, Inc, New 
York, 1994. 

Figure 210-28. Adapted from C. G. Ramsey and H. R Sleeper, Architectural 
Graphrc Standards. 9th ed. John R. Hoke (ed ), John Wiley £. Sons, Inc, New 
York. 1994. 

Figure 210-29. Adapted from C G. Ramsey and H R Sleeper, Architectural 
Graphic Standards. 9th ed, John R. Hoke (ed ), John Wiley £. Sons, Inc, New 
York, 1994. 

Figure 210-30 Adapted from C. G Ramsey and H R. Sleeper, Architectural 
Graphic Standards. 9th ed, John R. Hoke (ed ), John Wiley & Sons, Inc. New 
York, 1994. 

Figure 210-31 Adapted from C G. Ramsey and H R. Sleeper. Architectural 
Graphic Standards, 9th ed., John R, Hoke (ed ), John Wiley & Sons, Inc. New 
York, 1994. 

Figure 210-32. Adapted from C G Ramsey and H R Sleeper, Architectural 
Graphic Standards. 9th ed., John R. Hoke (ed.), John Wiley & Sons, Inc, New 
York. 1994. 

Figure 210-33. Adapted from C. G. Ramsey and H R. Sleeper, Architectural 
Graphic Standards. 9th ed., John R. Hoke (ed ), John Wiley tk Sons, Inc, New 
York. 1994 

Figure 220-2. G.Z. Brown, Sun, Wind and Light. Architectural Design 
Strategies, John Wiley and Sons, New York, 1985. 

Figure 220-4. N T Dines, American Nurseryman, Vol 158, No 10, November 
15,1983 

Figure 220-8. G.Z. Brown, Sun. Wind and Light: Architectural Design 
Strategies, John Wiley and Sons, New York, 1985. 

Figure 220-9. Edward Mazna. The Passive Solar Energy Book. Rodale Press, 
Emmaus, PA, 1979 
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Figure 220-10. Edward Mazria, The Passive Solar Energy Book, Rodale Press. 
Emmaus, PA. 1979 

Figure 220-11. Edward Mazria. The Passive Solar Energy Book. Rodale Press. 
Emmaus. PA, 1979. 

Figure 220-12. Edward Mazria, The Passive Solar Energy Book. Rodale Press, 
Emmaus, PA. 1979. 

Figure 220-13. Edward Mazna. The Passive Solar Energy Book, Rodale Press, 
Emmaus, PA, 1979 
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Figure 470-2. Countryside Commission for Scotland, Footbridge* in the 
Countryside, Perth, 1981 prepared by Reiach Hall Blyth Partnership. 
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Figure 470-16. Countryside Commission for Scotland. Footbridges in the 
Countryside, Perth. 1981 prepared by Reiach Hall Blyth Partnership. 
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Countryside, Perth, 1981 prepared by Reiach Hall Blyth Partnership 
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Figure 520-36. Courtesy of Ernie Ralston. ASLA. 
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Figure 640-4. Modified from Erosion and Sediment Control Handbook lor 
Urban Areas, U S Soil Conservation Service. Morgantown. West Virginia, 1975 
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Figure 640-23. Modified from Dr Dennis Hansen, Reclamation Planting ol 
Disturbed Sites, Native Plants, Inc.. Salt Lake City, Utah, 1982. 



Time-Saver Standards tor Landscape Architecture 



ISN-6 



Figure 640-26. Modified from John f Valentine, Range Development and 
Improvements, Brigham Young University Press. Provo, Utah, 1982. 

Figure 660-2. Canada Mortgage and Housing Corporation, Ottawa. Canada. 
1979 
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Figure 710-6. Adapted from National Weather Service, Climates ot the U.S., 
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Newly designed and containing 40 percent completely new content, Time-Saver 
Standards for Landscape Architecture, Second Edition, continues to be the most 
complete source of site construction standards and data for the design and planning profes- 
sions and related academic disciplines. It maintains and enhances its emphasis on promot- 
ing environmentally suitable techniques, processes, and materials aimed at mitigating the 
impact of construction intervention. 

This essential and comprehensive Second Edition not only covers the major changes that 
have occurred in the last decade, it also serves as a framework for future trends. It is fully 
metric, to meet Federal and International requirements, with expanded coverage of handi- 
capped access and human dimensional standards. Time- Saver Standards for Landscape 
Architecture, Second Edition, features increased coverage of: 

I Sin STORM WATER "BEST MANAGEMENT" PRACTICES 
I New URBAN TREE PLANTING AND XERISCAPE CONCEPTS 

I Earth retaining structures and pavement design 

I Land reclamation, including soil and viGmnoN restoration 

I Metric site layout practices, including recreation facilities 

I Energy and resource conservation 

I Natural processes and site construction procedures 

I New expanded construction details 

I Simplified construction materials data 

In the time honored tradition of Time-Saver Standards, this Second Edition combines the 
expertise of over 200 design professionals to create a working resource for all who plan, 
design, manoge, and build human landscapes. Over 50 sections provide concise tables, 
checklists, "Key Point" text summaries, and illustrations to provide an invaluable information 
resource for offices and classrooms throughout the wodd. 
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